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An investigation o f nucleate b o iling heat t ran s f er 
in saturated pools of Normal Pentane, Normal Hexane a nd 
several mixtures of the two was conducted. The fluids 
were boiled from gold-plated, copper, cylindrical heat 
transfer surfaces, 4.96 inches long, and 1.048 inch in 
diameter. The heat transfer elements were boiled in 
i i 
varying vertical tube arrays at a pressure of 14.70 psia. 
It was found that the mixtures boiled with a lower 
heat transfer coefficient than that for either pure 
component when boiled alone. When boiling in any of 
the tube bundle arrangements, the heat transfer 
coefficients for the upper tubes in the bundle were 
larger than the heat transfer coefficients for the same 
heaters in single tube tests. The extent of this 
increase depends upon the number of tubes in the array 
and the fluid being boiled. 
A semi-emphirical single tube nucleate boiling 
correlation which correlates the heat flux as a func tion 
of reduced properties is derived and discussed. 
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I. INTRODUCTION 
The characteristics of pool boiling outside single 
horizontal tubes have been intensely studied in the 
past 25 years. Considerable knowledge has been 
accumulated about pressure effects, critical heat flux, 
nucleation, etc., for various surface geometries. 
However, two of the most important unknowns for the 
designers of boiling heat transfer equipment, the 
effect of multicomponent mixtures and multitube bundle 
geometry on boiling performance have not yet been solved. 
1 
It is the purpose of this heat transfer investjgation 
to determine quantitatively in what manner mixture 
composition and tube bundle geometry affects the 
nucleate boiling region of a tube whose single tube 
boiling characteristics are known. 
A series of tests were conducted with horizontal 
tube arrays boiling in a saturated pool of n-pentane, 
n-hexane, and several mixtures of the two. The number 
of tubes in a bundle and mixture composition of the 
boiling liquid were the primary independent variables 
under consideration. 
II. LITERATURE REVIEW 
Since Nukiyama (1) first described the boiling 
curve, a great number of articles dealing with boiling 
heat transfer have been written. For a general review 
of boiling heat transfer, the reader is referred to 
Jakob (2), Rohsenow (3), McAdams (4), Leppert and 
Pitts (5), Colver (6), Brentari and Smith (7), and 
Jordan (8). This literature review will contain only 
those articles required to establish a background in 
the field of mixture nucleate boiling from tube bundles. 
It will be divided into the following categories: 
A) General Background for Nucleate Boiling, B) Nucleate 
Boiling Mechanisms, C) Nucleate Boiling from Tube 
Bundles, D) Nucleate Boiling in Mixtures, and E) Nucleate 
Boiling Correlations. 
A. General Background for Nucleate Boiling 
The characteristics of heat transfer surfaces play 
an important role in nucleate boiling heat transfer. 
Surface condition effects generally take four forms. 
First, other conditions being the same, materials having 
a higher surface, wettability yield higher surface 
superheats, the temperature difference between the heat 
transfer surface and the surrounding saturated liquid. 
McAdams (4) shows lower surface superheat for a number 
of materials which the fluid does not wet. Second, 
2 
sur face roughness affec ts bot h the relative-sur face 
superheat and t he slo p e of the boilin g c urve. Third, 
after a heat t rans f er surface has bee n i n use for some 
time, it becomes " a ged". In this case, many of the 
nucleation sites become filled with liquid and require 
larger surface superheats for activation. Fourth, 
fouling may increase or decrease the surface superheat. 
If the fouling layer is large enough to impose a thermal 
resistance and to f ill nucleation s i tes, the surface 
superheat will be increased. On the other hand, if the 
layer is thin enough and results in a less wettable 
surface, the surface superheat can be decreased. 
Carty and Foust (9) showed that an increase of 
3 
surface roughness increases the number and size of the 
nucleation sites, resulting in a decrease of the surface 
superheat and an increase in the heat transfer coeffic i ent. 
They also found that past history o f the heat transfer 
surface plays an important role in the nucleate boiling 
initiation temperature. This hysteresis effect depends 
on the density of the active nucleation sites. They 
presented a vapor entrapment model to exp lain the 
mechanism of nuclea te boiling. They postula ted that, as 
a bubble leaves the surface, a smal l p ort ion of the vapor 
is entrapped in the surface nucleat i o n site and thus 
starts the formation of the next bubble. 
Kurihara and Myers (10) confirmed the work of Carty 
and Foust but added that there was a limitinq surface 
roughness beyond which no increase in nucleate boiling 
heat transfer was noted. They, also, found that aging 
a heat transfer surface allowed reproducible nucleate 
boiling curves to be obtained. This aging supposedly 
allowed the surface-entrapped inert gas to diffuse 
into the liquid and thus yield a reproducible surface. 
Nichelson and Preckshot (11) boiled organics from 
silver, copper, and gold wires. They found that the 
boiling curves for the silver and copper wires changed 
with time but the curve for the gold wire remained the 
same. They encountered no hysteresis losses and 
stated that all previous hysteresis reported in the 
literature was caused by impure fluids. In a later 
work, Lyon (12) noticed a hysteresis effect at low heat 
fluxes for both copper and gold heat transfer surfaces 
but no effect at high heat fluxes. 
An approximate theory for predicting the superheat 
necessary to initiate boiling on various surface 
cavities was developed by Bankoff (13, 14). He examined 
conical shaped cavities and showed how surface geometry 
and liquid-solid contact-angle affected the ability of 
4 
a cavity to become an active nucleation site. Bankoff also 
considered scratch-type nucleation sites and concluded 
that surfaces containing cavities should be more favorable 
to nucleate boiling than those containing scratches. 
Using high speed photography, Clark, Strenge, and 
Westwater (15) concluded that pits and scratches produced 
the most active nucleation sites. They found that 
conical pits between 0.0003 and 0.0033 inches in diameter 
were very active nucleation sites. Some scratches, 
0.0005 inches in width, the plastic metal interface of 
their experimental heater, and even a moving speck of 
unidentified material acted as nucleation sites. 
The cavity type of nucleation site was also 
investigated by Denny (16). While boiling carbon 
tetrachloride from artificial pits of varying geometry, 
he found that surface roughness of the site, fouling of 
the cavity walls, and the surface chemistry of the site 
were important variables affecting site activity. 
Circular pits with a depth-to-diameter ratio greater 
than one were the most active nucleation sites. Recent 
work by Warner (17) indicates that nucleation sites are 
probably much smaller than early investigators report. 
He boiled liquid nitrogen from gold plated surfaces 
which had no sites larger than 1 micron. 
Many investigators, including, Mesler and Banchero 
(18), Ruckenstein (19), and Wachters and van Andel (20), 
have found that bubbles can be produced only if the site 
is continuously filled with vapor. 
An expression for the most favorable cavity radius 
for initiating bubble growth was developed by Han and 
5 
Griffith (21). Their expression shows that as superheat 
increases active cavity radius decreases. 
Griffith and Wallis (22) investigated nucleation 
from a single site and stated that cavity geometry was 
important in two ways. First, the cavity diameter 
determines the superheat needed to initiate boiling, 
and secondly, the cavity shape determines stability 
once boiling has occurred. They also determined that 
the contact angle between a bubble and the heat transfer 
surface was of importance to nucleation due to its 
effect on cavity stability. 
Gaertner and Westwater (23) determined the number 
of active nucleation sites at high fluxes in the nucleate 
boiling region. The number of active sites ranged from 
zero to a maximum of 1130 sites per square inch at 
moderately high fluxes. They showed that the heat flux 
was approximately proportional to the square root of the 
active site density for the flat copper heat transfer 
element they used in their investigations. Their 
discovery disproved early theories by Jakob (2) and 
McAdams (4) that site density was linear with heat flux. 
Gaertner (24) determined that local site population 
density fits the Poisson distribution. This random 
distribution disputed the theory of patch-wise boiling 
(25) , which states that bubbles are formed in small 
patches on the heat transfer surface. 
6 
Bonilla, Grady, and Avery (26) studied nucleation 
from artificially scored surfaces. They found that 
increased heat transfer rates were obtained when boiling 
from the scored surfaces. Carr (27) obtained this same 
effect using knurled heat transfer surfaces. 
Cichelli and Bonilla (28) boiled various liquids 
at pressures ranging from atmospheric to near the 
7 
critical pressure. Their results showed that increasing 
the pressure at constant heat flux decreases the superheat. 
Mesler and Banchero (18) studied boiling organic liquids 
under pressure and observed that bubble departure size 
and superheat decreased with increasing pressure. 
Githinji and Sabersky (29) studied the effect of 
orientation on heat flux by using a flat strip heating 
element insulated on one side. They found that for a 
constant temperature difference the vertical position 
yielded the highest heat flux, the facing-up position 
was second, and the facing-down position yielded the 
lowest flux. Several investigators (11, 30) have also 
found the vertical position to be the most effective 
for cylindrical heaters. 
Young and Hummel (31) found that placing teflon 
spots on a metal strip heater increased heat transfer 
rates, at low to moderate heat fluxes. They attributed 
the increase to the poor wetting property of the teflon. 
In later work, they (32) found that critical heat fluxes 
for surfaces with varying densities of teflon spots were 
either the same or lower than surfaces which had only 
been sandpapered. 
The effect of wettability on nucleate boiling is 
epitomized by its effect on the burnout flux. 
Gaertner (33) found that by coating a surface with a 
fluorocarbon film, the burnout flux was decreased such 
that stable film boiling was obtained at a flux of 
5400 BTU/hr-ft 2 which is only 1 percent of the normal 
burnout heat flux. 
B. Nucleate Boiling Mechanisms 
Even though boiling heat transfer has been studied 
for several years, the mechanism of nucleate boiling 
has been a topic of considerable debate. There has been 
no complete explanation of why such high heat transfer 
rates can be obtained in nucleate boiling at relatively 
small temperature differences. In an attempt to 
explain the large heat transfer rates four mechanisms 
have been postulated. 
1. Microconvection in the Liquid Sublayer. In 
this mechanism, the high heat transfer rates are 
explained by an intense turbulence produced in the 
liquid layer adjacent to the heat transfer surface. 
Forster and Grief (34) postulated that if this mechanism 
were correct then the heat flux should be a strong 
function of the temperature difference between the 
8 
transfer surface and the bulk liquid. However, 
investigations of nucleate boiling into a subcooled 
liquid show no dependence. 
2. Latent Heat Transport. This method postulates 
that as the bubble grows on a heat transfer surface it 
absorbs its latent heat of vaporization. Once the 
bubble detaches from the surface it collapses in the 
bulk liquid and thereby gives up its latent heat. 
Several investigators (34, 35) concluded that only a 
small percentage of the total heat transferred from a 
surface could be transferred in this manner. 
3. Vapor-Liquid Exchange Action. This mechanism 
postulates that a growing bubble forces superheated 
liquid from the sublayer into the bulk liquid. Once 
the bubble departs from the surface, cool liquid fills 
the void created by the departed bubble. Forster and 
Grief {34) concluded that this mechanism which was 
originally presented by Rohsenow and Clark (36) could 
account for the high heat transfer rates in nucleate 
boiling. 
4. Mass Transfer Through the Bubble. The basis 
of this mechanism is that as the bubble grows its 
interior is exposed to a liquid rnicrolayer which wets 
the surface. Liquid evaporates from the micro-layer 
into the bubble interior and then condenses on the 
cooler bubble top which releases its latent heat of 
vaporization to the bulk liquid at that point. 
9 
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Moore and Mesler's {37) investigations have helped to 
evaluate the different nucleate boiling mechanisms. By 
means of a thermocouple implanted into the heat transfer 
surface, Moore and Mesler were able to measure nucleate 
boiling temperature drops between the surface and the 
bulk fluid. 0 They noted temperature drops of 20 to 30 F 
in a time span of about two milliseconds. Comparing 
the four mechanisms with their results, Moore and Mesler 
concluded that only the Mass Transfer Through the 
Bubble mechanism could account for such large temperature 
differences in so short a time period. 
Rogers and Mesler (38), in photographic studies, 
found Moore and Mesler's results to be consistent with 
their investigations. They found that the temperature 
drop corresponds to the initial growth of a bubble. 
Support of the Mass Transfer Through the Bubble mechanism 
was also given by Bankoff (39) when he showed that 
simultaneous evaporation and condensation in the bubble 
could account for the high heat flu~es. Later work by 
Hospeti and Mesler {40) and Johnson, De La Rena, and 
Mesler {41) confirmed Moore and Mesler's work. Rollis 
and Jawurek (42) found that latent heat transport is 
evident throughout the entire saturated nucleate 
boiling region and that at the maximum heat flux the 
total heat transfer is represented by the latent heat 
transport. 
c. Nucleate Boiling from Tube Bundles 
The characteristics of pool boiling outside single 
horizontal tubes have been intensity studied in the 
past 20 years, and considerable information about 
nucleation, bubble growth rates, pressure effects, and 
critical heat flux have been obtained. However, the 
effect of multicomponent mixtures and the prediction of 
surface effects on nucleate boiling behavior are 
problems which require more work. 
One of the most important unknowns for the 
designer of boiling equipment - the effect of multitube 
bundle geometry and a multi-component mixture on boiling 
performance - is still unsolved. Little has been 
published about multiple bundle geometry and those 
articles in the literature are contradictory. 
In 1938, Comley and Abbott (43) boiled water on a 
single tube and in a 60-tube evaporator and found that 
the boiling behavior for the tube bundle was the same 
as the behavior for a single tube. They concluded that 
the position, spacing, and a number of tubes had no 
effect on heat transfer rates or the critical heat flux. 
Kern (44) suggested that a maximum boiling heat transfer 
coefficient of 300 BTU/hr ft 2 (°F) and a maximum heat 
2 flux of 12,000 BTU/hr to be added for possible 
inefficiency because of vapor blanketing. 
11 
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Robinson and Katz (45) boiled Freon 12 from a 
vertical row of four horizontal heaters and found that 
the upper tubes in the bundle had a higher heat transfer 
coefficient at the same heat flux. They also injected 
vapor into the system under the bottom of the lowest 
tube to determine what effect the vapor flow had on the 
heat transfer rate. Injection of vapor produced the 
same results as those observed on the top heater in their 
4 tube array. 
In order to substantiate Robinson and Katz's work, 
Myers and Katz (46) boiled additional refrigerants from 
a vertical row of four horizontal heaters. Their work 
was consistent with Robinson and Katz's study. Katz 
found that surface conditions have a pronounced effect 
on boiling behavior. 
Gilmour (47) analyzed industrial data from four 
vaporizers and found that the Gilmour correlation for 
a single tube could predict tube bundle behavior if a 
correction for the number of tubes in a vertical row 
was made. He postulated that the best tube spacing 
0 
should be tubes in a square pitch rotated 45 because 
vapor blanketing would be less for the upper tubes in 
the bundle. Montgomery (48) found that heat transfer 
characteristics for tubes in a square pitch were better 
than for tubes in a 45° rotated square pitch. Palen, 
Yarden, and Taborek (49) concluded that there was little 
0 
o r no difference in performance between 45 rotated 
square pitch and 90° square pitch because of the highly 
turbulent conditions in the bundle. Montgomery (48) 
found that tube arrangement was of little significance 
but tube pitch was very significant. 
Palen and Taborek (50) attempted to correlate 
industrial kettle reboiler data but found that existing 
correlations gave discrepancies between 50 and 250 
percent. They felt these discrepancies were due to the 
following factors: 
"1. The penalizing effect of blanketing will 
increase with the amount of vapor passing 
any one tube. 
2. The efficiency of a vertical tube row will 
be an inverse function of the number of 
tubes and also of the single tube boiling 
coefficient. 
3. The mutual blanketing effect between adjacent 
tubes will be increased with decreasing pitch . 
4. The vapor removal from the bundle will be 
retarded beyond the natural escape velocity 
and blanketing will increase rapidly with 
the (p-d) gap between tubes decreasing beyond 
a certain critical limit." 
Recent work (48, 51, 52) on small tube bundles 
indicate that additional circulation and turbulence 
caused by rising bubbles can increase the average heat 
transfer coefficient above that for a single tube. This 
increase would indicate that instead of a vapor penalty, 




Montgomery (48, 52) showed that all tubes in a bundle 
are affected by the vapor agitation and turbulence in 
the bundle; however, tubes in a horizontal row are only 
slightly affected by the agitation. He found that tube 
pitch, position in the bundle, number of tubes in the 
bundle, and fluid properties were all important variables 
in the prediction of heat transfer coefficients for 
single tubes in a tube bundle. 
D. Nucleate Boiling in Mixtures 
The effect of mixture composition on boiling heat 
transfer has long been a subject of much controversy. 
Rhodes and Bridges (53) studied several mixtures and 
found that the addition of either dilute sodium carbonate 
or oleic acid in water promoted boiling. Cichelli and 
Bonilla (28) found that binary mixtures boiled with a 
lower heat transfer coefficient than that for either 
component when boiled alone. Bonilla and Eisenberg (54) 
showed that immiscible mixtures of water and styrene 
gave lower heat fluxes at the same temperature differences 
than either pure component. The lower fluxes have been 
confirmed by numerous studies (55, 56) but one of the most 
comprehensive was the work of Sterling and Tichacek (57). 
They showed that for wide boiling mixtures the apparent 
heat transfer coefficient for a single tube was as low as 
1/30 of that for the pure light component under the same 
conditions. 
]_5 
The critical heat flux or peak h e at flux has bee n 
studied by several authors. Van Stralen and Sluyter (5 8 ) 
found that the maximum heat flux for mixture s compared 
to the heat flux for the less volatile pure component 
increased steadily with increasing pressure. It was 
also noted that the maximum value of the critical heat 
flux occurred at a certain low concentration of the most 
volatile component. The higher the number of carbon 
atoms in the aliphatic alcohol and ketone series, the 
more this maximum heat flux shifted toward the lower 
concentration of the organic component. 
In attempting to explain the problem of critical 
heat flux, Van Stralen (59-62) presents a theoretical 
approach for the mechanisms of the critical heat flux. 
When comparing binary data to his theory, a generalized 
correlation does not fit. 
E. Nucleate Boiling Correlations 
As a result of the lack of understanding of the 
nucleate boiling mechanism and surface effects on 
nucleate boiling, reliable correlations have not yet 
been found. No one has proposed a generalized correlation 
for different systems. Palen, Yarden and Taborek (49) 
tested industrial single tube data against several 
different correlations (63-68), and found that Mostinski's 
(67) simple reduced property correlation gave much better 
predictions than any of the property-based equations. All 
of these correlations are based on pure components and 
do not predict the larger temperature differences 
observed while boiling a mixture. They also fail to 
predict the high critical heat fluxes obtained in 
mixture studies. 
Since the existing correlations are inadequate 
for predicting heat transfer rates in mixture studies, 
no discussion will be presented. The reader is 
referred to the above mentioned references for detailed 
discussion of each correlation. 
1.6 
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III. EXPERIMENTAL EQU IPMENT 
The experimental equipment used in t h is inve stiga tion 
can be classified in terms of five sub-systems : A) heat 
transfer elements, B) boiling and condensing vessel, 
C) pressure measurement and control, D) power supply, 
and E) temperature measurement. 
A. Heat Transfer Elements 
Four heaters fabricated using the same procedures 
were used. The copper casings for the heat transfer 
elements were machined from commercial 3/4-inch Schedule 
80 copper pipe to give an outside diameter of 1.048 
inches, a length of 4.96 inches, and a wall thickness of 
0.153 inches. On each casing, four thermocouple wells 
(0.056 inch) were drilled axially in the copper wall to 
a depth of one inch. The location of thermocouple wells 
is given in Figure 1 and is consistent with the numbere d 
locations reported in Appendix A. Asbestos covered 30 
gauge copper-constantan thermocouple wire were then 
silver-soldered to the bottom of each thermocouple wel l . 
Each heater casing was electroplated with gold in order 
to maintain the surface chemistry relatively constant. 
The lava (American Lava Corp.) used for heater 
cores was machined to a length of 4.96 inches and to a 
diameter of 0.66 inch. Left hand V-shaped grooves, 
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on the unfired lava cores in order t o p rovide a groove 
to wind the tungsten wire. On each end of the c ore, an 
axial hole was drilled to the depth o f 1/2-inch and 
tapped with 10-32 machine threads. The lava cores were 
0 then fired in a furn ac e at a rate of 500 F per hour to a 
maximum temperature of 1850°F. 
Brass 10-32 machine bolts were then screwed into 
the tapped holes on each end of the lav a core. These 
screws served as the power terminal and as a means to 
secure the ends of the 0.030 inch tungsten wire. 
After the cores were wound with 0.030 inch tungsten 
wire, the cores were coated with Sauereisen No. 8 high 
temperature cement. The cores were allowed to air dry 
overnight until the resistance between the power 
terminals and the cement was greater than 10 6 ohms. An 
additional layer of cement was applied to the cores and 
on the insides of the copper casings. The wound cores 
were then cemented into the copper casings. After air 
drying, the heat transfer elements were baked (slowly) 
by the input of voltage controlled AC power through the 
resistance windings over a 2 day period. The resistance 
6 between all the cases and cores was greater than 10 
ohms. 
Teflon end plugs, 3/8-inch thick and 1.048 inch in 
diameter, were machined from commercial 1 1/4-inch teflon 
rod. These end plugs were added to minimize heat losses 
from the ends of the heater . The teflon end plugs were 
bonded to the ends of the heat transfer elements with 
Bean Resin No. 22 (BR-22) supplied by the W. T. Bean 
Company. The BR-22 was cured by heating the heat 
0 transfer element at 200 F for 16 hours. Winchester 
2514P connectors were soft soldered to each thermocouple 
lead coming from the ends of the heat transfer casings. 
The complete heat transfer element is illustrated in 
Figure 2. 
B. Boiling and Condensing Vessel 
The boiling and condensing system is shown in 
Figure 3. The boiling and condensing sections were 
constructed of commercial 6-inch Pyrex pipe tees and 
the vapor line connecting the two was a 6-inch Pyrex 
pipe elbow. These sections were connected by Teflon-
gasketed flanges as were the 3/8-inch brass end plates 
used to seal the boiling and condensing sections. 
Six 12-gauge teflon-insulated power leads and 
eight pairs of copper-constantan thermocouples were 
brought into the boiling section by passage through 
three Conax MHC glands in each brass end plate. On the 
inside of each end plate was mounted a teflon terminal 
board containing 16 Winchester 2514S connectors. These 
connectors formed the junction with the thermocouple 




























Thermocouple Glands (2) 
SCHEMATIC DIAGRAM OF THE EXPERIMENTAL APPARATUS 
Two 3/8-inch brass disks were used to fabr i c a te 
the tube-bundle rack. The rack was held togethe r by 
6-inch threaded brass rods. The tube bundle rack held 
the four heaters in a manner so that the heaters were 
3/8-inch-apart and 2 1/2-inches from the Pyrex walls 
of the boiling section. In order to maintain vapor-
liquid flow, twenty five 1/2-inch holes were drilled 
in each end of the tube bundle rack. 
At the top of the left boiling section end plate 
was placed a 1/4-inch Whitey valve. This valve served 
as a feed connection during startup. At the bottom 
of the right end plate were placed two 3/8-inch 
Swagelok male connectors. The first was used as the 
condensate return port through which the condensate 
could return into the center of the boiling section. 
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The second allowed the copper-constantan pool thermocouple 
(sheathed in l/8-inch stainless steel tubing) to pass 
into the boiling section. 
The condenser was constructed from 45 feet of 
3/8-inch soft copper tubing. The inlet and outlet of 
the condenser passed into the top end plate of the 
condensing section through drilled out Swagelok mole 
connectors. Also attached to the condensing section 
top end plate was a 1/4-inch vacuum line used during 
startups and a 1/4-inch pressure tap used during nucleate 
boiling tests. 
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A 3/8-inch copper condensate return line was attached 
to the bottom end plate of the condensing section. This 
line was insulated with 3/8-inch wall thickness foam 
rubber tubing and connected to the condensate return line 
in the boiling section by means of a 3/8-inch Swagelok 
tee. The other end of the tee was connected to a 3/8-inch 
Whitey valve which served as a drain during shutdown. 
C. Pressure Control System 
The system pressure was sensed in the vapor space of 
the boiling section. The pressure line was connected to 
the high pressure side of a Foxboro model l2A d/P cell 
and the low-pressure side was left open to the atmosphere. 
The pneumatic signal from the d/P cell was sent to a 
Honeywell pneumatic controller, model 702P6-N-92-0-65. 
The d/P transmitter-controller system was calibrated so 
that a one pound per square inch pressure difference 
produced full deflection on the controller scale. 
The pneumatic output from the recorder-controller 
operated an air-to-close pneumatic control valve on the 
water line to the condensing coil. The control valve used 
was a Research Controls, Inc., ATO, 3-15 psi diaphram, 
type A trim control valve. Thus, the system pressure was 
controlled by the condenser water flow rate. 
D. Electrical Power Supply 
Voltage-controlled direct current electrical power 
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wa s supplied individually to each heater b y four Sorenson 
DCR 60-40A power supplies. 
Output currents were measured with four Weston 
ammeters placed in series with the heating elements. Of 
the four ammeters, three were Weston Model 1 meters and 
the fourth was a Weston Model 931 meter. All ammeters 
were set on the 50 amp full scale and could be read to 
+0.1 amps. The voltage drop across each heater was 
measured by one of the following four direct current 
voltmeters: 1) Weston, Model 622 D.C. voltmeter 
(accurate to +0.01 volts), 2) United Systems Corporation 
Model 628 Digital D.C. voltmeter (accurate to +0.01 
volts), 3) United Systems Corporation, Model 211 Digital 
D.C. Voltmeter (accurate to +0.01 volts) and 4) Abbey 
Electronics Model DM-25AP-l-15-lll0-lV Digimeter 
(accurate to +0.05 volts). All voltmeters were set on 
the 100 volt full scale. 
E. Temperature Measurement 
The four asbestos-coated, 24 gauge, copper-constantan 
thermocouples of each heater were connected to the 
respective terminal boards inside the boiling vessel. 
The leads from the terminal boards passed through the 
Conax seal and were connected to a West Instruments 23 -
position thermocouple switch. 
Thermocouple output was read in millivolts using a 
United Systems Corporation Model 268 Digital D.C. 
voltmeter on the twenty millivolt full scale range. The 
thermocouple readings were referenced to 32°F by a West 
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Instruments Model AC-II reference junction. Thermocouple 
readings could be read accurate to +0.001 millivolts. 
IV. EXPERIMENTAL PROCEDURE 
The experimental procedure followed during this 
investigation is discussed in the following sections: 
A) Startup, B) Aging of the Heat Transfer Elements, 
C) Data Collection. 
A. Startup 
The cylindrical heat transfer elements were placed 
in the tube bundle rack to give the thermocouple 
positions shown in Figure 1. The heaters were secured 
in the rack by tightening the bolts on the threaded tie 
rods. 
The tube bundle rack was placed in the boiling 
section (see Figure 3) and rotated until all four 
heaters were in the same vertical plane. Power leads 
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were connected to each end of the heaters and the four 
pairs of thermocouple leads of each heater were connected 
to their respective connectors on the thermocouple 
terminal board. The end plates of the boiling section 
were then tightened down with the Teflon gaskets in 
place. The pool thermocouple was then pushed through 
its fitting and sealed by compression of the Teflon 
ferrules used in the fitting. The pressure tap, air 
lines, water lines and the fill line were connected to 
the system. The voltmeters, power supplies and 
thermocouple reference junctions were turned on and 
al lowed to s t a b ilize . I nstrume n t air was r e gul a ted to 
20 p sig to the c ontroller and d / p cell and the cooling 
water to the condenser was turned on. 
In all tests, the pool depth was maintained at 2 
inches above the top heater. Filling the boiling 
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chamber to this pool depth was accomplished by reducing 
the pressure in the apparatus to 300 millimeters mercury 
below atmospheric pressure and then opening the valve to 
the fill line which allowed the fluid to be studied to 
flow into the boiling section. Once the correct pool 
depth was reached, the valve on the fill line was closed. 
The auxiliary power heaters were then turned on to 
bring the fluid in the boiling vessel to its saturation 
temperature at l atmosphere pressure. The barometric 
pressure was determined to the nearest 0.1 millimeter of 
mercury. The difference between 14.70 psia and the 
barometric pressure was set on the d/p recorder-
controller. As the pool temperature increased, the 
vacuum line was opened to vent the noncondensibles from 
the apparatus. This method was used until t he saturation 
temperature at a pressure of 14.70 psia was obtained. 
B. Aging of the Heat Transfer Surfaces 
Aging of heat transfer surfaces has bee n found 
(9, 69) to be necessary in order to obtain reproducible 
nucleate boiling data. In this investigation, boiling 
for several hours at a high heat flux was used to age 
the surface s. All of the sur f aces were aged at the 
same time. 
Once the pool was at its saturation temperature, 
the power to each heater was set at 30 volts, which 
corresponded to a heat flux of approximately 25,000 
2 BTU/hr ft . The emf output of an arbitrary thermocouple 
on each heater was monitored. When the thermocouple 
outputs varied by no more than plus or minus 0.002 
millivolts, the aging period was considered complete. 
Approximately four hours of boiling time were required. 
After aging was completed for each heater, the 
power to each heater was turned off and the surface 
temperature allowed to return to that of the pool 
temperature before any data were taken. The fluid was 
left in the apparatus at all times. 
C. Data Collection 
Once at saturation, the pool was held at that 
temperature by a combination of heat from the heating 
element, auxiliary heaters and by regulating the 
cooling water flow rate through the condenser. 
The power supply was then set to a 5 volt output. 
As soon as equilibrium had been obta ined, which was 
indicated by the lack of variation o f the surface 
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thermocouples, the four temperatures on the circumference 
of the heater were recorded along with the saturation 
t empera ture o f the fl u i d and t he steady state v o l t age 
a n d amperage su p p lied t o the heat transf e r e l eme n t . 
The next temperature level was obtained b y incre asing 
the power input b y a desired amount, 2 .5-5.0 volts. 
Once equilibrium was attained the appropriate data were 
again recorded. This procedure was continued until t h e 
critical heat flux was obtained. Atmospheric pressure 
was also checked throughout each run. 
After the data were taken for heater No. 1, the 
system was allowed to return to equilibrium and the 
procedure mentioned above was used for obtaining data 
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on heaters 2, 3, and 4. Once a reference curve for each 
heater had been obtained (a minimum of two reproducible 
runs) the multitube studies were performed. The various 
positions of the tubes in the bundles can be found in 
Table I. After the multitube studies had been completed, 
each tube in the bundle was boiled individually and its 
nucleate boiling curve measured. These check runs we r e 
performed to determine if the boiling curve had changed 
from its original position. If no deviation was found, 
any deviation from a heater's singl e tube curve would be 
due to tube bundle geometry. This same procedure was 
followed for all fluids studied during this investigation. 
All heaters were kept i n the liquid pool at all t i me s 
except when it was necessary to change fluids. The heate rs 
were kept in the liquid to lessen any surfaces changes 
3 1 
TABLE I 
Tube Bundle Configurations 
Square Pitch 



















that could be caused by adsorption of gas on the heater 
surface. The compositions of the fluids boiled in this 
investigation can be found in Appendix D. 
After the completion of all tests with a specific 
fluid, the fluid was drained from the apparatus and 
stored for analysis. The system was then purged with 
nitrogen for approximately 2 hours to remove any trace 
of the previous fluids. Once this was accomplished, 
the apparatus was filled (using the startup procedure) 
with the next fluid to be studied. 
All runs were performed in sequence and the exact 
description of each test can be found in Appendix A. 
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V. RESULTS AND CONCLUSIONS 
This study was initiated to determine what affect 
mixture composition and tube bundle geometry have on the 
nucleate boiling region of a tube whose single tube 
boiling characteristics are known. The objective was to 
correlate the data in a manner so that both pure 
component and mixture nucleate boiling curves could be 
predicted from the same correlation. 
Keeping in mind the objectives listed above, the 
discussion of the results of this investigation will be 
presented in the following sections: A) Single Tube 
Investigations, B) Tube Bundle Investigations and 
C) Nucleate Boiling Correlation. 
A. Single Tube Investigations 
Aging of heat transfer surfaces have been found 
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(9, 69, 10, 70) to be necessary in order to obtain 
reproducible nucleate boiling data. In this investigation, 
all heaters were aged at the same time before any nucleate 
boiling data were taken on a particular fluid. Figure 4 
shows the effect this method of aging has on the 
reproducibility of a heat transfer surface. It can be 
seen that once a heater is stable, it remains stable for 
all tests on that fluid. 
The results of the single tube investigations are 
shown as the nucleate boiling curves in Figures 5 
34 
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FIGURE 8. NUCLEATE BOILING CURVES FOR HEATER 4 
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through 8. The heat flux from the heater surface was 
determined by the electrical input to the heat transfer 
element and divided by the surface area of the gold-plated 
copper surface. The temperature difference or wall super-
heat is the difference between the average temperature of 
the heat transfer surface and the temperature saturated 
boiling liquid. 
It may be observed that the nucleate boiling curves 
for the mixtures lie below those of either pure component. 
Cichelli and Bonilla (28) found that binary mixtures boiled 
with a lower heat transfer coefficient than that for 
either pure component when boiled alone. Their results 
have been confirmed by many investigators. It is 
postulated that the lower heat transfer rates are due 
to diffusional limitations of the less volatile component 
at the liquid boundry layer. When boiling a pure 
component, condensation occurs at the bubble-liquid 
interface and is controlled by mass transfer. But when 
boiling a mixture, the more volatile species accumulates 
near the colder liquid boundary layer, so that the 
condensation process is retarded by the presence of a 
gas "film" through which the less volatile species must 
diffuse. Therefore, less heat will be transferred at 
a given temperature difference for a mixture than for a 
pure component. Figure 9 illustrates the effect of 
mixture composition on the heat transfer coefficient. 
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are shown by data from the other heaters. Figure 9 
clearly illustrates that boiling mixtures have heat 
transfer rates that are lower than that of either pure 
component at a given temperature difference. It is also 
interesting to note that at constant temperature differences 
the heat transfer coefficient goes through a minimum 
point at a low concentration of the more volatile 
component. This minimum should occur at the minimum 
bubble production rate according to Grigor'er, Sarkisyan, 
and Usmanov (71). 
Figure 10 illustrates the extent to which the 
results of this investigation were reproducible. Data 
are presented for heater No. 1 boiling 25 wt. % n-pentane. 
Data for the other heater fluid combinations show 
similar reproducibility. The reproducibility obtained 
is thought to be caused by the close pressure control 
maintained in this investigation. All tests were made 
within plus or minus 0.005 psia of the 14.7 psia desired. 
The atmospheric pressure was continuously checked during 
each run and if it had changed, the pressure set point 
on the d/p recorder-controller was adjusted to give the 
desired pressure. 
Although the heat flux was highly reproducible, 
temperature gradients along the circumference were noted. 
At high fluxes, near burnout, temperature variations 
0 
amounted to as much as 7 F. Most of the variation was 
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CURVES 
in the temperature measured on the opposite ends of a 
given heater. The variation in temperature is thought 
to be due to the close tolerance maintained between the 
copper case and the lava core. One end of the lava core 
had been machined to a diameter 0.002 inch greater than 
the diameter of the opposite end. This difference in 
diameter would cause that end to be closer to the copper 
case which would cause higher temperature readings. 
Temperature variations could also be explained by non-
uniformity of both the inside and outside diameters of 
the copper case. These errors could lead to hot spots 
on the heater and thus higher temperatures than the 
average temperatures reported. 
B. Tube Bundle Investigations 
The tube bundle orientations studied are given in 
Table 1. These orientations were chosen because 
4 3 
several investigators (45, 48, 46, 51) have found that 
the tubes directly below the top tubes in a bundle affect 
the top tubes heat transfer while tubes in the same 
horizontal plane exert little or no affect on each other. 
This investigation was initiated to quantitatively 
determine the affect of the lower tubes in an array on 
the upper tubes heat transfer coefficient for both pure 
components and binary mixtures boiling from the tube 
array. 
In order to determine what effect tube bundle 
geometry had on a particular heater, single tube tests 
were performed on each heater before and after the tube 
bundle tests. The tests performed before the tube 
bundle studies became the reference curves for the 
particular heater-fluid combinations. The check runs 
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were performed to ascertain if any change in the nucleate 
boiling curves for the single tube tests had occurred. 
If no change was recorded, then any deviation from this 
reference curve in the tube bundle tests was due to the 
position of the tube in the bundle. 
When boiling in any of the tube bundle arrangements, 
the heat transfer coefficients for the upper tubes in the 
bundle were larger than the heat transfer coefficients for 
the same heaters in single tube tests. The extent of 
this increase depended upon the number of tubes in the 
bundle and the fluid being boiled. This increase in 
heat transfer coefficient, which is synonymous with a 
lower temperature difference, finds both support and 
contradiction in the literature. Palen and Taborek (50) 
attempted to correlate industrial kettle reboiler data 
with existing correlations. They found that existing 
correlations predict heat transfer coefficients as much 
as 250% higher than those actually observed on multitube 
bundles. They postulated that the differences were 
caused by vapor blanketing. In contrast, data on small 
bundles with a few rows of tubes (48, 51, 45) indicate 
that additional circulation and turbulence caused by 
bubbles rising from lower tubes can significantly 
increase the average heat transfer coefficient, so that 
instead of a penalty, a multitube enhancement correction 
must be applied for correlation. Katz and co-workers 
(45, 46) found that at high temperature differences 
where the agitation was large the increase in heat 
transfer coefficients was negligible, but at low to 
moderate temperature differences there seemed to be an 
optimum agitation. (Below this optimum agitation the 
heat transfer coefficients were increased, but above the 
optimum the effect was negligible.) Katz results have 
been confirmed in this investigation (see Figure 11). 
The author postulates that as agitation increases, a 
point is reached where further agitation does not 
enhance the heat transfer. This point could be where 
a change in the controlling mechanism for nucleate 
boiling is reached. 
Since tube bundle data approaches single tube data 
with increasing agitation, discussion of the data will 
be limited to the section of the nucleate boiling curves 
below the point where agitation is no longer a factor. 
In all bundles studied, only the upper tubes nucleate 
boiling curves were altered. (See Figures 12 through 
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FIGURE 12. COMPARISON OF NUCLEATE BOILING CURVES FOR 
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FIGURE 13. COMPARISON OF NUCLEATE BOILING CURVES FOR 
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FIGURE 14. COMPARISON OF NUCLEATE BOILING CURVES FOR 
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FIGURE 15. COMPARISON OF NUCLEATE BOILING CURVES FOR 




upper t ubes have no effect on the lower tubes since 
the bubbles rise directly to the liquid surface. It 
is also interesting to note that the deviations between 
curves for heaters 3 and 4 are approximately equal. 
The fact that the deviations for heaters 3 and 4 are 
almost equal leads one to believe that additional tubes 
would exhibit the same result. Myers and Katz (46) 
boiling refrigerants from a vertical row of four tubes 
found that tubes 3 and 4 gave boiling coefficients 
essentially identical which is consistent with this 
investigation. 
In the discussion of single tube results, it was 
noted that the temperature difference between the heater 
surface and the saturated liquid was greater (for a 
given heat flux) when boiling a mixture than that for 
either pure component when boiled alone. Figure 16 
shows the effect of mixture composition on the heat 
transfer coefficient of heater 4 for single tube and 
multitube tests. The data are presented for a constant 
0 6 T of 30 F. Similar trends are shown for all values of 
temperature differences (see Figure 9). It is 
interesting to note that the difference in heat transfer 
coefficient between single tube and multitube tests 
increased when boiling a mixture over that of either 
pure component. This enhancement can be as high as 
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FIGURE 16. THE EFFECT OF MIXTURE COMPOSITION ON THE HEAT 
TRANSFER COEFFICIENT OF HEATER 4 FOR SINGLE TUBE 
AND MULTITUBE TESTS 
increased agitation causes the convective currents 
to change and thus increase heat transfer. 
C. Nucleate Boiling Correlations 
The ideal correlation, from a designer's viewpoint, 
would be simple in form, contain no empirical constants, 
be based on measurable thermal and physical properties 
of the fluid, have universal applicability to all 
fluids, and include the effects of surface condition. 
Obviously one simple equation could hardly contain all 
those features. Most of the boiling correlations (63 to 
68} proposed to date are wholly or partially empirical, 
and many of those derived analytically depend upon 
empirical constants for the fluid under study. In 
this investigation, it seemed proper to attempt to 
develop a simple correlation that would be valid for 
most fluids regardless of composition. 
5 3 
As noted in the literature review, Mostinski's (67) 
reduced property correlation gave much better prediction 
of heat transfer than any of the property-based equations. 
With this in mind, it seemed proper to develop a simple 
reduced property correlation that could be used for 
mixtures as well as for pure components. 
The nucleate boiling correlation derived is based 
on the assumption that the nucleate boiling region for a 
particular heat transfer element is dependent upon its 
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geometry, surface roughness and chemistry, and the 
thermodynamic properties of the fluid being boiled. For 
a particular heater, the geometry and surface conditions 
are the same regardless of the boiling liquid assuming 
no surface changes; therefore, the properties of the 
boiling fluid should account for all variation of 
boiling from a particular heater. This hypothesis has 
been made previously by several authors {30, 48, 52, 70). 
For a fluid which follows the law of corresponding 
states the physical properties of the liquids can be 
determined in terms of reduced temperature and reduced 
temperature difference. Therefore the correlation 
factor given below is proposed. This factor is similar 
to one suggested by Montgomery {48). 
Q/A = F (6T T 
c 
{ 1) 
Figures 17 and 18 demonstrate the comparison of the fluid 
properties for the fluids boiled during this investigation 
and Montgomery's (48) n-hexane, n-pentane, and c 7 mixture 
dataft It is evident that both pure components correlate 
together and that the mixtures correlate together at a 
larger value of the correlating factor. 
The following model for nucleate boiling was proposed 
to determine if these differences in pure component and 
mixture correlating factors could be predicted. The 
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be considered to depend upon the following factors: 
(A) the rate of nucleation or bubble formation (bubbles/ 
time) , (B) the number of molecules per bubble at 
departure from the liquid phase and (C) the heat of 
vaporization of the molecules in the bubble. 
Bubbles are being formed at a pressure of 1 atm 
at the temperature (T') of the heat transfer surface, 
then the bubbles grows to some volume (V) and escapes 
from the saturated liquid in the state (V, TSAT' 1 atm). 
In the case of mixtures, the bubble is nucleated at the 
composition of the saturated liquid phase (XA,XB) but 
before escaping from the liquid phase it comes to the 
equilibrium vapor composition (YA,YB). 
If we assume that all of the bubbles are about the 
same size as they depart from the liquid phase, the 
number of molecules per bubble is inversely proportional 
The heat of vaporization per mole of vapor is 
( 2) 
if ideal solution behavior is assumed. 
The heat of vaporization of all of the molecules in 
VAP 
a bubble is proportional to (6H /TSAT). The rate of 
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nucleation (~) of a bubble might be expected to be 
related to the change of free energy (6G) of vaporization 
per mole (72) as follows 
-b6 GVAP/RT' ~ = CONSTANT (E -1) , (3) 
VAP 
where 6G is the free energy change for the process 
( 4) 
6GVAP for this process can be written as 
Assuming that the vapors are ideal gases, and that the 
heat of vaporization is constant from the normal boiling 
point of the liquid to the temperature (T') of the heat 
transfer surface, one has from the Clausius-Clapeyron 
equation (73). 
~GVAP/T' = XA ~H~AP (~, _ ~~) + XB~H~AP (~, _ ~g) 
( 6) 
where TR and T~ are the normal boiling points of 
components A and B. Therefore, the heat dissipated 




A A T' - ! ) + T~ X 6 H VAP ( _l _1 ) ) B B T' T~ -l) 
(7) 
By using the physical properties for n-pentane and two 
experimental data points the values of the constant and 
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b were determined to be 14.63 and 8.8 respectfully. 
Figure 19 shows the predicted curves based on equation 
(7) for each fluid studied and illustrates that an 
additional term for mixtures is needed in the correlating 
factor. 
The correction term which applies when boiling 
mixtures has been developed using the free energy change 
(equation 5) for the process described by equation (4) 
and is given below 
CFM 
To To 
-11.072 X ( A -1) +X (A -1) 
= e A TSAT B TSAT 
( 8) 
It should be noted that equation (8) is semi-emphirical 
in nature. Combining equations (1) and (8) gives the 







-11.072 X ( A l)+X ( B -1)) 
e A TSAT - B TSAT 
c 
( 9) 
Using data from each single tube heater-liquid 
combination; the majority of Montgomery's (48) n-pentane, 
n-hexane, and c 7 mixture data, Huber and Hoehne's (74) 
atmospheric benzene and diphenyl data, and Sciance's 
propane and butane data (75), the following nucleate 
boiling correlation using a stepwise multiple regression 
analysis of the data was found: 
0 n-Pentane 00 60 
~ n-Hexane 
-i Equation 7 (Pure) 
D 25 wt % n-Pentane 
0 50 wt % n-Pentane 
0 75 wt % n-Pentane 50 
_Equation 7 for 50 
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Figures 20-27 indicate the manner in which Equation 
10 correlates the data cited above. It is noted that the 
pure component and mixture data correlate to the same 
degree of accuracy. The average deviation of the 
experimental data from equation 10 was approximately nine 
per cent. Equation 10 was derived for saturated pool 
boiling at 14.7 psia pressure and standard gravity since 
these were the conditions of this investigation. 
Additional pressure data will be needed to determine the 
valitality of equation 10 at higher pressures. 
The data for the fluids studied indicates that 
application of the theory of corresponding states to 
correlation of pure hydrocarbons and mixtures of hydro-
carbons may result in correlations that are more valuable 
to the design engineer than correlations presently 
appearing in the literature. The present correlations 
cannot predict the larger temperature differences 
observed when boiling a mixture. 
To use equation 10, only the heat flux for a single 
































D 25 wt % n-Hexane 
0 50 wt % n-Hexane 




20 30 40 
FIGURE 20. COMPARISON OF THE NUCLEATE BOILING CORRELATION 









0 25 wt % n-Hexane 
() 50 wt % n-Hexane 
¢ 75 wt % n-Hexane 
- Equation 10 
b,Tcorr 
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~IGURE 21. COMPARISON OF THE NUCLEATE BOILING CORRELATION 
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FIGURE 22. COMPARISON OF THE NUCLEATE BOILING CORRELATION 
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FIGURE 23. COMPARISON OF THE NUCLEATE BOILING CORRELATION 
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~IGURE 24. COMPARISON OF THE NUCLEATE BOILING CORRELATION 
WITH MONTGOMERY'S DATA 
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FIGURE 25. COMPARISON OF THE NUCLEATE BOILING CORRELATION 































0 80% n-Heptane 





FIGURE 26. COMPARISON OF THE NUCLEATE BOILING CORRELATION 
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FIGURE 27. COMPARISON OF THE NUCLEATE BOILING CORRELATION 
WITH HUBER AND HOEHNE'S DATA 
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40 
addition to the basic physical properties of the fluid. 
With these values known, the temperature difference or 
heat transfer coefficient can be calculated. 
70 
CONCLUSIONS 
As a result of this investigation, the following 
conclusions are drawn as to the effect of tube arrays 
71 
and mixture composition on nucleate boiling heat transfer. 
1. Aging heat transfer surfaces produces reproducible 
data. 
2. The heat transfer coefficients for the top heaters 
in a tube array are larger than the coefficients of 
the same heater in single tube tests. 
3. The nucleate boiling curve for a heater boiling in a 
tube array approaches its single tube curve as the 
heat flux increases. 
4. The nucleate boiling curves for the mixtures lie 
below those of either pure component for mixtures 
of n-pentane and n-hexane. 
5. Comparison of the heat transfer coefficient at 
constant temperature differences, shows that the 
heat transfer coefficient goes through a minimum 
point at a low concentration of the more volatile 
component, when mixtures are boiled. 
6. The increase in heat transfer coefficients for the 
top tubes in a tube array is larger when boiling a 
mixture than that for either pure component. The 
extent of this increase depends upon concentration of 
the more volatile component. 
72 
When boiling in a tube array, an optimum agitation 
is reached where further agitation does not enhance 
the heat transfer. 
Equation 10: Q/A = -25.246(~T ) 2 + 2.806(~T ) 3 + 
corr corr 
0.0076(6T ) 4 predicts nucleate boiling behavior 
corr 
of n-pentane, n-hexane, several mixtures of the two, 
propane, butane, n-heptane, benzene, and diphenyl to 
within 9%. 
The data indicates that application of the theory of 
corresponding states to correlation of pure hydrocarbons 
and mixtures of hydrocarbons may result in correlations 
that are more valuable to the design engineer than 
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= Area, ft 
NOMENCLATURE 
= Constant in equation 3 
= Change in free energy of vaporization, Btu/lb 
m 
=Acceleration due to gravity, ft/sec 2 
= Heat of vaporization per mole of vapor, Btu/lb 
m 
= Heat of vaporization of component A, Btu/lb 
m 
= Heat of vaporization of component B, Btu/lb 
m 
= Partial pressure of component A, atm 
= Partial pressure of component B, atm 
= Rate of heat transfer, Btu/hr 
0 
= Gas constant, Btu/lbm R 
= Rate of nucleation 
= Critical temperature, 0 R 
= Surface temperature, 0 R 
= Normal boiling point of component A, 0 R 
= Normal boiling point of component B, 0 R 
= Saturation temperature, 0 R 
73 
= Temperature difference (T -T ) 
surface saturated liquid ' 
= Correlating factor 
3 
= Volume, ft 
= Liquid composition of component A, mole fraction 
= Liquid composition of component B, mole fraction 
= Vapor composition of component A, mole fraction 
= Vapor composition of component B, mole fraction 
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Run No. 1 
Heater No. 1 in N-Hexane 
Point Volts Amps Tl T2 T3 T4 T5 
1 3.40 5.2 2.992 2.996 2.983 2.992 2.853 
2 6.56 9.8 3.170 3.200 3.162 3.210 2.853 
3 10.35 13.4 3.297 3.266 3.304 3.291 2.858 
4 13.13 16.0 3.369 3.306 3.371 3.337 2.858 
5 16.68 19.0 3.448 3.378 3.442 3.381 2.859 
6 19.61 21.1 3.499 3.425 3.492 3.415 2.859 
7 24.06 23.9 3.561 3.472 3.560 3.460 2.860 
8 30.06 27.0 3.645 3.549 3.644 3.497 2.859 
9 35.25 29.5 3.706 3.595 3.701 3.530 2.860 
10 40.35 31.6 3.776 3.648 3.767 3.572 2.859 
11 45.15 33.5 3.840 3.701 3.828 3.602 2.859 
12 47.57 34.5 3.881 3.750 3.870 3.614 2.859 
13 49.32 34.9 3.913 3.767 3.902 3.629 2.859 
14 50.56 35.1 3.960 3.781 3.942 3.638 2.859 
84 
Run No. 2 
Heater No. 1 in N-Hexane 
Point Volts Amps Tl T2 T3 T4 T5 
1 2.52 3.9 2.926 2.938 2.926 2.933 2.853 
2 7.52 10.3 3.193 3.230 3.180 3.245 2.855 
3 12.59 15.4 3 .. 348 3.293 3.345 3.312 2 .. 856 
4 17.55 19 .. 5 3 .. 449 3 .. 371 3.444 3.371 2 .. 856 
5 22.55 22 .. 8 3 .. 530 3.452 3.530 3.430 2.856 
6 27.52 25.6 3 .. 598 3.505 3.603 3.472 2.857 
7 32.62 28.0 3 .. 663 3.566 3.668 3.509 2.860 
8 37.47 30.2 3.731 3.618 3.736 3.550 2.863 
9 42.55 32.4 3.810 3.673 3.808 3.583 2.863 
10 47.46 34.4 3.896 3.750 3.881 3.625 2.863 
11 50.14 35.0 3.955 3.771 3.928 3.642 2.864 
12 51.37 35.2 3.975 3.790 3.950 3.675 2.865 
85 
Run No. 3 
Heater No. 2 in N-Hexane 
Point Volts Amps Tl T2 T3 T4 T5 
1 2.53 3.9 2.927 2.940 2.925 2.926 2.857 
2 7.54 10.5 3.161 3.232 3.164 3.204 2.859 
3 12.66 15.5 3.284 3.323 3.291 3.293 3.859 
4 17.68 19.1 3.375 3.405 3.363 3.361 2.859 
5 22.54 21.9 3.434 3.460 3.419 3.416 2.857 
6 27.59 24.4 3.495 3.528 3.461 3.470 2.861 
7 32.68 26.5 3.551 3.596 3.505 3.521 2.861 
8 37.60 28.2 3.608 3.663 3.548 3.570 2.860 
9 42.50 30.0 3.662 3.734 3.593 3.619 2.860 
10 47.52 31.5 3.716 3.817 3.640 3.676 2.860 
11 51.80 32.4 3.800 3.948 3.720 3.755 2.859 
12 53.96 33.4 3.828 4.013 3.750 3.799 2.859 
13 55.14 33.6 3.851 4.070 3.768 3.828 2.859 
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Run No. 4 
Heater No. 3 in N-Hexane 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.03 7.7 3.044 3.039 3.040 3.030 2.858 
2 10.07 13.5 3.260 3.240 3.220 3.241 3.860 
3 15.04 17.8 3.376 3.329 3.300 3.309 2.861 
4 20.09 21.2 3.461 3.388 3.362 3.365 2.860 
5 25.16 24.0 3.533 3.450 3.423 3.418 2.860 
6 30.08 26.4 3.616 3.508 3.456 3.451 2.861 
7 35.35 28.7 3.694 3.563 3.509 3.498 2.862 
8 40.50 30.7 3.766 3.602 3.559 3.530 2.863 
9 45.10 32.1 3.825 3.678 3.608 3.580 2.863 
10 50.24 33.7 3.899 3.745 3.657 3.630 2.863 
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Run No. 5 
Heater No. 4 i n N-Hexane 
Point Volts Amps Tl T2 T3 T4 TS 
l 5.11 7.5 3.023 3.015 3.007 3.013 2.860 
2 10.34 13.2 3.185 3.199 3.183 3.187 2.859 
3 15.38 17.2 3.259 3.279 3.271 3.275 2.860 
4 20.13 20.1 3.318 3.335 3.334 3.329 2.860 
5 25.05 22.7 3.364 3.385 3.391 3.378 2.860 
6 30.27 25.0 3.413 3.443 3.443 3.443 2.860 
7 35.19 27.0 3.455 3.500 3.488 3.490 2.859 
8 40.40 29.0 3.494 3.570 3.535 3.560 2.859 
9 45.18 30.5 3.530 3.655 3.573 3.645 2.859 
10 50.08 32.0 3.567 3.775 3.620 3.765 2.859 
11 52.53 32.6 3.591 3.880 3.650 3.870 2.859 
12 53.54 33.0 3.613 3.955 3.675 3.945 2.859 
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Run No. 6 
Heater No. 2 in N-Hexane 
Point Volts Amps Tl T2 T3 T4 T5 
1 4.99 7.0 3.041 3.108 3.035 3.094 2.856 
2 10.19 13.2 3.268 3.316 3.270 3.285 2.860 
3 15.05 17.3 3.370 3.447 3.378 3.378 2.859 
4 20.08 20.5 3.460 3.536 3.463 3.452 2.859 
5 25.11 23.1 3.519 3.613 3.520 3.517 2.859 
6 30.03 25.4 3.568 3.667 3.558 3.552 2.8 58 
7 35.18 27.3 3.613 3.717 3.590 3.592 2 .858 
8 40.08 29.0 3.660 2.774 3.624 3.631 2.858 
9 45.09 30.6 3.709 3.840 3.660 3.681 2.858 
10 50.11 32.1 3.760 3.916 3.695 3.728 2.858 
11 52.52 32.7 3.785 3.955 3.720 3.762 2.858 
12 54.33 33.1 3.806 4.015 3.740 3.799 2.858 
13 55.48 33.4 3.825 4.063 3.756 3.814 2.858 
89 
Run No. 7 
Heater No. 3 in N-Hexane 
Point Volts Amps Tl T2 T3 T4 T5 
1 2.53 4.2 2.913 2.905 2.902 2.902 2.854 
2 7.59 10.8 3.186 3.168 3.153 3.174 2.856 
3 12.56 15.7 3.373 3.330 3.316 3.302 2.857 
4 17.55 19.5 3.469 3.408 3.390 3.360 2.854 
5 22.54 22.4 3.556 3.467 3.446 3.403 2.854 
6 27.56 25.0 3.627 3.516 3.483 3.440 2.855 
7 32.57 27.2 3.688 3.558 3.523 3.477 2.855 
8 37.58 29.3 3.744 3.602 3.555 3.512 2.855 
9 42.59 31.0 3.799 3.649 3.591 3.544 2.855 
10 47.60 32.5 3.868 3.700 3.638 3.582 2.885 
11 49.55 33.0 3.898 3.736 3.669 3.601 2.854 
12 51.08 33.5 3.928 3.759 3.685 3.616 2.855 
90 
Run No. 8 
Heater No. 4 in N-Hexane 
Point Volts Amps Tl T2 T3 T4 T5 
1 2.58 4.0 2.894 2.889 2.984 2.888 2.851 
2 7.58 10.4 3.120 3.125 3.110 3.128 2.854 
3 12.62 15.2 3.238 3.285 3.240 3.244 2.856 
4 17.52 18.7 3.303 3.324 3.327 3.327 2.856 
5 22.58 21.6 3.359 3.395 3.380 3.388 2.855 
6 27.65 24.0 3.401 3.449 3.430 3.443 2.855 
7 32.54 25.8 3.425 3.503 3.470 3.497 2.855 
8 37.61 27.9 3.474 3.572 3.516 3.566 2.855 
9 42.52 29.6 3.513 3.648 3.565 3.638 2.855 
10 47.62 31.0 3.548 3.732 3.603 3.722 2.855 
11 52.22 32.2 3.571 3.828 3.630 3.818 2.854 
12 53.34 32.5 3.580 3.880 3.641 3.870 2.854 
13 54.62 32.7 3.593 3.910 3.650 3.900 2.854 
91 
Run No. 9 
Heater No. l in N-Hexane 
Point Volts Amps Tl T2 T3 T4 T5 
l 5.18 7.3 3.100 3.109 3.093 3.124 2.852 
2 10.11 12.8 3.293 3.260 3.303 3.299 2.856 
3 15.05 17.5 3.401 3.342 3.413 3.345 2.857 
4 20.21 21.2 3.492 3.429 3.503 3.411 2. 8 56 
5 25.06 24.2 3.564 3.491 3.571 3.450 2.856 
6 30.17 26.9 3.626 3.540 3.629 3.483 2.856 
7 35.23 29.3 3.689 3.591 3.691 3.521 2.856 
8 40.09 31.3 3.750 3.635 3.750 3.550 2.856 
9 45.14 33.2 3.821 3.691 3.824 3.583 2.856 
10 50.25 35.0 3.927 3.763 3.928 3.620 2.857 
11 51.47 35.4 3.980 3.786 3.973 3.646 2.856 
92 
Run No. 10 
Heate r No. "') in N-Hexan e '-
Point Volts Amps Tl T2 T3 T4 T5 
1 3.57 5.3 2.967 2.993 2.960 2.981 2.850 
2 8.77 11.5 3.222 3.290 3.222 3.280 2.853 
3 13.78 16.4 3.368 3.409 3.370 3.393 2.853 
4 18.79 19.8 3.460 3.521 3.459 3.468 2.854 
5 23.80 22.7 3.536 3.612 3.522 3.536 2.854 
6 27.60 24.3 3.577 3.660 3.560 3.563 2.855 
7 33.78 26.8 3.635 3.733 3.608 3.616 2.855 
8 38.76 28.5 3.682 3.800 3.646 3.652 2.855 
9 43.76 30.2 3.722 3.843 3.679 3.695 2.855 
10 50.10 32.0 3.780 3.940 3.719 3.760 2.855 
11 53.41 33.0 3.805 4.003 3.736 3.788 2.855 
12 55.48 33.3 3.827 4.061 3.754 3.819 2.855 
93 
Run No. 11 
Heater No. 1 in N-Hexane 
Point Volts Amps T1 T2 T3 T4 T5 
1 5.14 7.8 3.049 3.045 3.033 3.047 2.853 
2 13.67 16.5 3.414 3.367 3.357 3.329 2.854 
3 20.06 20.1 3.533 3.470 3.435 3.408 2.854 
4 30.20 26.0 3.700 3.580 3.528 3.490 2.854 
94. 
Run No. 12 
Heater No. 2 in N-Hexane 
Point Volts Amps T1 T2 T3 T4 T5 
1 5.07 7.3 3.056 3.098 3.047 3.096 2.856 
2 10.06 12.8 3.268 3.328 3.272 3.284 2.860 
3 15.19 17.1 3.399 3.469 3.399 3.417 2.861 
4 20.09 20.4 3.483 3.569 3.488 3.493 2.860 
5 25.09 23.0 3.551 3.638 3.545 3.550 2.860 
6 30.45 25.4 3.606 3.706 3.592 3.592 2.859 
7 35.16 27.1 3.649 3.752 3.626 3.630 2.858 
8 40.07 29.0 3.689 3.812 3.659 3.664 2.857 
9 45.20 30.6 3.735 3.861 3.691 3.704 2.857 
10 50.10 32.1 3.778 3.933 3.718 3.749 2.857 
11 55.11 33.2 3.820 4.045 3.751 3.808 2.856 
95 
Run No. 13 
Heater No. 3 in N-Hexane 
Point Volts Amps Tl T2 T3 T4 TS 
1 5.16 7.8 3.052 3.046 3.037 3.049 2.857 
2 13.50 10.3 3.334 3.409 3.287 3.281 2.858 
3 15.08 17.5 3.447 3.402 3.389 3.357 2.858 
4 20.06 20.7 3. 53 8 3.461 3.455 3.405 2.857 
5 25.20 23.5 3.631 3.530 3.504 3.446 2.857 
6 30.02 25.8 3.685 3.589 3.535 3.475 2.855 
7 35.16 28.0 3.748 3.618 3.563 3.503 2.856 
8 40.07 30.1 3.800 3.660 3.597 3.537 2.855 
9 45.08 31.9 3.862 3.700 3.641 3.577 2.855 
10 50.38 33.2 3.923 3.748 3.684 3.610 2.855 
11 51.01 33.3 3.948 3.770 3.700 3.616 2.854 
96 
Run No. 14 
Heater No. 4 in N-Hexane 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.05 7.5 3.025 3.007 3.005 3.009 2.848 
2 10.07 12.9 3.229 3.251 3.223 3.241 2.855 
3 15.02 16.9 3.330 3.375 3.348 3.368 2.857 
4 20.06 20.0 3.390 3.453 3.420 3.443 2.858 
5 25.19 22.5 3.438 3.508 3.465 3.498 2.858 
6 30.42 24.7 3.472 3.553 3.502 3.543 2.856 
7 35.03 26.5 3.498 3.595 3.532 3.585 2.857 
8 40.11 28.5 3.526 3.647 3.566 3.637 2.857 
9 45.03 30.1 3.552 3.705 3.596 3.696 2.857 
10 50.09 31.5 3.585 3.783 3.634 3.773 2.857 
11 52.70 32.1 3.599 3.829 3.655 3.819 2.857 
12 54.61 32.5 3.615 3.900 3.672 3.880 2.857 
97 
Run No. 15 
Heater No. 1 in N-Hexane 
Point Volts Amps T1 T2 T3 T4 T5 
1 5.32 7.2 3.086 3.093 3.082 3.082 2.851 
2 10.20 12.9 3.313 3.250 3.312 3.284 2.856 
3 15.05 17.5 3.405 3.345 3.425 3.353 2.856 
4 20.21 21.1 3.495 3.433 3.515 3.413 2.856 
5 25.06 24.1 3.556 3.498 3.580 3.448 2.855 
6 30.14 26.8 3.633 3.540 3.646 3.493 2.856 
7 35.23 29.1 3.699 3.590 3.703 3.524 2.856 
8 40.10 31.2 3.759 3.638 3.761 3.558 2.855 
9 45.08 33.3 3.832 3.699 3.829 3.599 2.855 
10 50.16 35.0 3.920 3.768 3.921 3.629 2.856 
11 51.55 35.4 3.971 3.795 3.942 3.645 2.856 
98 
Run No. 16 
Heater No. 2 in N-Hexane 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.06 7.2 3.055 3.110 3.055 3.081 2.852 
2 10.12 12.8 3.267 3.315 3.278 3.290 2.858 
3 15.17 17.0 3.389 3.465 3.393 3.425 2.857 
4 20.42 20.5 3.484 3.563 3.489 3.501 2.855 
5 25.23 23.0 3.547 3.639 3.545 3.553 2.855 
6 30.15 25.2 3.598 3.705 3.590 3.595 2.856 
7 35.18 27.1 3.641 3.750 3.627 3.630 2.855 
8 40.09 28.9 3.682 3.808 3.661 3.671 2.856 
9 45.22 30.5 3.725 3.861 3.689 3.707 2.855 
10 50.10 32.0 3.768 3.928 3.720 3.748 2.855 
11 55.54 33.4 3.816 4.042 3.753 3.803 2.855 
12 56.56 33.5 3.828 4.088 3.765 3.823 2.855 
99 
Run No. 17 
Heater No. 3 in N-Hexane 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.10 7.8 3.048 3.041 3.035 3.038 2.852 
2 10.13 13.4 3.325 3.311 3.297 3.295 2.857 
3 15.16 17.6 3.457 3.410 3.391 3.376 2.855 
4 20.28 21.0 3.564 3.487 3.469 3.435 2.855 
5 25.24 23.5 3.647 3.560 3.524 3.476 2.856 
6 30.11 25.8 3.708 3.595 3.562 3.508 2.855 
7 35.39 28.1 3.769 3.639 3.596 3.539 2.855 
8 40.39 30.2 3.823 3.676 3.631 3.573 2.855 
9 45.20 32.0 3.875 3.710 3.660 3.603 2.855 
10 50.22 33.4 3.935 3.756 3.700 3.624 2.855 
11 51.25 33.5 3.948 3.764 3.709 3.631 2.855 
12 52.25 33.6 3.961 3.772 3.716 3.638 2.855 
2431.23 
100 
Run No. 18 
Heater No. 4 in N-Hexane 
Point Volts Amps Tl T2 T3 T4 T5 
l 5.11 7.5 3.025 3.011 3.016 3.012 2.852 
2 10.34 13.1 3.250 3.260 3.245 3.260 2.855 
3 15.04 16.8 3.350 3 .. 390 3.370 3.382 2.855 
4 20.06 19.9 3.418 3.468 3.444 3.458 2.855 
5 25.22 22.4 3.467 3.528 3.497 3.518 2.855 
6 30.44 24.6 3.502 3 .. 576 3.545 3.567 2.855 
7 35.08 26.3 3.525 3.614 3.565 3.605 2.854 
8 40.28 28.2 3.552 3.665 3.598 3 .. 656 2.856 
9 45.20 30.0 3.574 3.719 3.627 3.710 3.855 
10 50.10 31.6 3.605 3.788 3.666 3.779 2.854 
11 54.70 32.8 3.637 3.854 3.701 3.845 2.854 
12 55.94 32.9 3.648 3.882 3.714 3.873 2.855 
13 56 .. 79 33.0 3.656 3.910 3.723 3.910 2.855 
101 
Run No. 19 
Heater No. 4 in N-Hexane 
Point Volts Amps Tl T2 T3 T4 T6 
1 5.14 7.6 3.027 3.012 3.013 3.013 2.852 
2 10.34 13.2 3.255 3.269 3.248 3.267 2.855 
3 17.54 18.6 3.410 3.457 3.429 3.449 2.856 
4 25.25 22.6 3.500 3.551 3.529 3.542 2.856 
5 32.62 25.5 3.554 3.651 3.585 3.609 2.855 
6 40.28 28.3 3.596 3.687 3.638 3.679 2.855 
7 47.52 30.8 3.628 3.770 3.684 3.761 2.855 
8 52.40 32.3 3.647 3.827 3.710 3.818 2.855 
9 56.94 33.1 3.667 3.916 3.735 3.916 2.855 
102 
Run No. 20 
Heater No. 1 in N-Hexane 
(All Heaters Boiling) 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.06 7.0 3.067 3.088 3.059 3.069 2.861 
2 10.37 12.9 3.320 3.269 3.323 3.310 2.861 
3 15.20 17.4 3.429 3.356 3.443 3.374 2.861 
4 20.00 21.0 3.535 3.456 3.539 3.439 2.862 
5 24.50 23.8 3.606 3.520 3.611 3.480 2.861 
6 29.40 26.4 3.669 3.574 3.668 3.518 2.860 
7 34.80 28.9 3.730 3.620 3.730 3.552 2.861 
8 39.90 31.0 3.785 3.666 3.789 3.583 2.859 
9 45.10 33.0 3.850 3.720 3.853 3.615 2.859 
10 50.00 35.0 3.930 3.785 3.916 3.643 2.858 
103 
Run No. 20 
Heater No. 2 in N-Hexane 
(All Heaters Boiling) 
Point Volts Amps Tl T2 T3 T4 T5 
1 4.95 7.2 3.061 3.096 3.053 3.069 2.861 
2 10.10 13.0 3.230 3.255 3.245 3.239 2.861 
3 15.00 17.1 3.353 3.390 3.353 3.365 2.861 
4 19.76 20.1 3.470 3.514 3.453 3.465 2.862 
5 25.03 22.9 3.555 3.619 3.530 3.552 2.861 
6 30.07 25.0 3.615 3.690 3.589 3.606 2.860 
7 35.08 27.0 3.666 3.746 3.639 3.648 2.860 
8 40.04 28.7 3.707 3.793 3.677 3.680 2.859 
9 45.30 30.5 3.742 3.837 3.709 3.723 2.859 
10 50.06 32.0 3.770 3.880 3.733 3.759 2.858 
104 
Run No. 20 
Heater No. 3 in N-Hexane 
(All Heaters Boiling) 
Point Volts Amps Tl T2 T3 T4 T5 
1 4.85 7.5 3.038 3.027 3.025 3.018 2.861 
2 10.00 13.3 3.215 3.207 3.201 3.205 2.861 
3 14.99 17.5 3.368 3.342 3.335 3.331 2.861 
4 19 .. 85 20 .. 7 3.518 3.461 3.443 3.420 2.862 
5 24.56 23.3 3.623 3.540 3.523 3.470 2.861 
6 29.57 25.6 3.717 3.605 3.585 3.513 2.860 
7 35.02 28.0 3.789 3.653 3.633 3.547 2.861 
8 40.00 30.3 3.840 3.689 3 .. 633 3.566 2.859 
9 45.16 32.0 3 .. 870 3.713 3.671 3.600 2.859 
10 50.60 33.4 3.904 3.742 3.691 3.630 2.858 
105 
Run No. 20 
Heater No. 4 in N-Hexane 
(All Heaters Boiling) 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.03 7.5 3.024 3.005 3.013 3.000 2.861 
2 10.21 13.1 3.204 3.223 3.190 3.231 2.861 
3 15.17 17.0 3.323 3.365 3.314 3.358 2.861 
4 20.02 20.0 3.410 3.479 3.412 3.471 2.862 
5 25.11 22.5 3.470 3.549 3.486 3.540 2.861 
6 30.04 24.5 3.531 3.604 3.550 3.595 2.860 
7 35.14 26.4 3.574 3.646 3.598 3.638 2.861 
8 41.45 28.6 3.608 3.692 3.649 3.684 2.859 
9 45.92 30.2 3.624 3.748 3.673 3.740 2.859 
10 50.84 31.8 3.649 3.818 3.701 3.809 2.858 
10 6 
Run No. 21 
He a t e r No. 1 in N-Hexane 
(Check Run) 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.29 7.1 3.074 3.082 3.066 3.075 2.854 
2 10.09 12.5 3.307 3.230 3.308 3.272 2.861 
3 15.17 17.1 3.420 3.334 3.445 3.348 2.860 
4 20.13 21.0 3.525 3.424 3.545 3.404 2.861 
5 25.28 24.0 3.616 3.485 3.629 3.448 2.860 
6 30.08 26.5 3.680 3.533 3.691 3.484 2.858 
7 35.06 29.0 3.739 3.583 3.750 3.516 2.859 
8 40.20 31.0 3.798 3.633 3.799 3.554 2.858 
9 45.05 33.0 3.860 3.695 3.853 3.595 2.859 
10 50.19 34.9 3.940 3.766 3.935 3.630 2.859 
11 51.42 35.0 3.975 3.778 3.950 3.642 2.861 
12 52.10 35.2 3.998 3.786 3.972 3.65 8 2.860 
107 
Run No. 22 
Heater No. 2 in N-Hexane 
(Check Run) 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.20 7.3 3.071 3.106 3.060 3.079 2.850 
2 10.34 13.2 3.283 3.308 3.290 3.288 2.856 
3 15.13 17.1 3.405 3.460 3.402 3.436 2.856 
4 20.17 20.3 3.490 3.563 3.485 3.514 2.854 
5 25.21 22.9 3.566 3.658 3.557 3.581 2.854 
6 30.13 25.0 3.622 3.717 3.603 3.628 2.854 
7 35.16 27.0 3.666 3.770 3.641 3.659 2.854 
8 40.05 28.7 3.709 3.818 3.677 3.693 2.854 
9 45.18 30.5 3.748 3.880 3.708 3.734 2.854 
10 50.20 32.1 3.785 3.936 3.738 3.775 2.854 
11 55.13 33.2 3.821 4.038 3.750 3.793 2.854 
12 56.48 33.3 3.834 4.075 3.765 3.830 2.853 
108 
Run No. 23 
Heater No. 3 in N-Hexane 
(Check Run) 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.29 8.0 3.055 3.048 3.042 3.046 2.853 
2 10.24 13.5 3.330 3.315 3.303 3.311 2.860 
3 15.20 17.7 3.464 3.430 3.413 3.397 2.858 
4 20.47 21.1 3.583 3.521 3.502 3.466 2.858 
5 25.32 23.7 3.672 3.582 3.566 3.510 2.857 
6 30.19 25.9 3.739 3.629 3.608 3.544 2.857 
7 37.42 29.0 3.821 3.683 3.655 3.582 2.856 
8 45.07 31.9 3.895 3.711 3.696 3.620 2.857 
9 50.40 33.4 3.945 3.750 3.705 3.644 2.856 
10 51.35 33.5 3.953 3.755 3.710 3.646 2.856 
109 
Run No. 24 
Heater No. 4 in N-Hexane 
(Check Run) 
Point Vo lts Amps Tl T2 T3 T4 T5 
1 5.01 7.5 3.023 3.006 3.011 3.005 2.854 
2 10.31 13.1 3.263 3.276 3.254 3.284 2.855 
3 17.67 18.6 3.423 3.473 3.444 3.464 2.858 
4 25.19 22.5 3.511 3.551 3.540 3.550 2.858 
5 32.58 35.5 3.571 3.613 3.604 3.605 2.857 
6 40.27 28.2 3.612 3.685 3.654 3.678 2.857 
7 45.05 29.9 3.630 3.736 3.682 3.728 2.857 
8 50.40 31.7 3.652 3.805 3.709 3.797 2.856 
9 52.38 32.4 3.659 3.828 3.721 3.821 2.856 
10 56.88 33.2 3.680 3.909 3.749 3.898 2.856 
11 57.87 33.3 3.684 3.920 3.756 3.915 2.856 
110 
Run No. 25 
Heater No. l in 50 wt% N-Hexane 
Point Volts Amps T1 T2 T3 T4 T5 
1 5.22 8.0 2.155 2.182 2.143 2.169 1.936 
2 12.30 15.5 2.544 2.455 2.543 2.485 1.937 
3 18.39 20.6 2.688 2.585 2.704 2.605 1.938 
4 24.38 24.5 2.814 2.699 2.815 2.661 1.938 
5 31.27 28. 0 2.912 2.785 2.902 2.704 1.938 
6 40.03 32.0 3.016 2.870 2.998 2.765 1.938 
7 44.83 34.0 3.066 2.930 3.047 2.802 1.938 
8 49.77 35.5 3.130 2.973 3.113 2.850 1.937 
9 51.39 36.1 3.155 2.999 3.135 2.869 1.938 
10 54.82 36.7 3.220 3.033 3.203 2.899 1.938 
111 
Run No. 26 
Heater No. 1 in 50 wt% N-Hexane 
Point Volts Amps Tl T2 T3 T4 TS 
1 5.17 7.9 2.157 2.179 2.144 2.155 1.936 
2 12.35 15.6 2.509 2.442 2.515 2.470 1.939 
3 18.42 20.6 2.681 2.573 2.690 2.602 1.938 
4 24.48 24.5 2.798 2.700 2.801 2.660 1.939 
5 30.04 27.5 2.876 2.781 2.874 2.706 1.939 
6 37.55 30.9 2.962 2.859 2.956 2.756 1.938 
7 42.59 33.0 3.024 2.911 3.015 2.792 1.938 
8 47.46 34.9 3.085 2.962 3.079 2.848 1.938 
9 51.60 36.1 3.156 3.008 3.142 2.880 1.938 
10 54.05 36.9 3.208 3.035 3.197 2.900 1.939 
112 
Run No. 27 
Heater No. 2 in 50 wt% N-Hexane 
Point Volts Amps Tl T2 T3 T4 TS 
l 5.25 7.9 2.154 2.199 2.151 2.174 1.936 
2 10.12 13.4 2.411 2.489 2.408 2.443 1.940 
3 16.04 18.3 2.570 2.670 2.607 2.625 1.940 
4 22.76 22.3 2.720 2.816 2.726 2.730 1.940 
5 28.60 25.1 2.797 2.900 2.786 2.785 1.939 
6 35.12 27.7 2.860 2.971 2.823 2.835 1.939 
7 40.26 29.6 2.903 3.030 2.853 2.879 1.938 
8 45.03 31.2 2.945 3.080 2.889 2.923 1.939 
9 50.38 33.0 2.998 3.145 2.943 2.980 1.939 
10 55.07 34.3 3.050 3.230 2.999 3.035 1.940 
ll 57.07 34.7 3.070 3.270 3.023 3.060 1.939 
12 58.13 35.0 3.090 3.303 3.043 3.081 1.939 
113 
Run No. 28 
Heater No. 3 in 50 wt% N-Hexane 
Point Volts Amps Tl T2 T3 T4 TS 
1 5.14 8.5 2.158 2.155 2.145 2.160 1.938 
2 10.49 14.5 2. 486 2.471 2.466 2.455 1.939 
3 16.01 19.0 2.675 2.651 2.648 2.625 1.939 
4 21.00 22.1 2.784 2.719 2.728 2.670 1.940 
5 27.81 25.5 2.911 2.805 2.784 2.720 1.939 
6 33.64 28.1 2.980 2.854 2.821 2.760 1.939 
7 38.92 30.3 3.037 2.895 2.856 2.798 1.939 
8 42.41 31.7 3.068 2.920 2.870 2.823 1.939 
9 47.82 33.6 3.129 2.940 2.921 2.870 1.940 
10 51.83 34.7 3.175 2.980 2.959 2.905 1.940 
11 53.25 35.0 3.199 3.031 2.973 2.920 1.940 
12 54.46 35.3 3.210 3.042 2.991 2.941 1.940 
114 
Run No .. 29 
Heater No .. 4 in 50 wt% N-Hexane 
Point Volts Amps Tl T2 T3 T4 TS 
1 5 .. 28 8.5 2.140 2.135 2 .. 129 2.125 1.936 
2 10.45 14.5 2.440 2.450 2.420 2.443 1.939 
3 16.08 18.1 2.607 2.675 2.599 2.665 1.940 
4 21.61 21.3 2.675 2.759 2.685 2.750 1.939 
5 26.83 23.7 2.718 2.815 2.747 2.806 1.938 
6 32.37 25.9 2.756 2.869 2.794 2.860 1.938 
7 37.75 27.9 2.790 2.923 2.830 2.914 1.939 
8 44.05 30.2 2.830 2.988 2.870 2.978 1.939 
9 48.34 31.7 2.860 3.036 2.905 3.027 1.939 
10 53.56 33.4 2.902 3.100 2.958 3.091 1.940 
11 55.47 33.9 2.917 3.126 2.976 3.120 1.941 
12 56.91 34.2 2.930 3.154 2.996 3.145 1.940 
13 57.83 34.5 2.940 3.168 3.009 3.156 1.940 
14 58.69 34.7 2.949 3.196 3.017 3.188 1.940 
115 
Run No. 30 
Heater No. 1 in 50 wt% N-Hexane 
Point Volts Amps Tl T2 T3 T4 TS 
1 5.06 7.4 2.164 2.179 2.148 2.170 1.936 
2 10.37 13.5 2.536 2.420 2.503 2.450 1.937 
3 17.73 20.1 2.689 2.591 2.701 2.617 1.939 
4 22.57 23.5 2.797 2.691 2.793 2.663 1.939 
5 27.62 26.3 2.875 2.767 2.867 2.700 1.940 
6 32.76 28.8 2.940 2.823 2.925 2.737 1. 93 9 
7 37.66 31.0 2.989 2.860 2.975 2.767 1.939 
8 42.56 33.0 3.046 2.912 3.031 2.806 1.939 
9 47.52 35.0 3.100 2.950 3.092 2.851 1.939 
10 52.62 36.5 3.180 3.030 3.170 2.981 1.940 
11 54.78 37.0 3.238 3.050 3.220 3.911 1.940 
116 
Run No. 31 
Heater No. 2 in 50 wt% N-Hexane 
Point Volts Amps Tl T2 T3 T4 TS 
1 2.66 4.4 2.008 2.029 2.007 2.019 1.936 
2 7.55 11.0 2.356 2.440 2.352 2.396 1.940 
3 12.60 15.7 2.496 2.597 2.517 2.561 1.940 
4 18.09 19.7 2 .635 2.738 2.669 2.688 1.940 
5 25.19 23.6 2.757 2.878 2.755 2.775 1.940 
6 30.23 25.8 2.815 2.950 2.798 2.825 1.940 
7 37.56 28.6 2.887 3.026 2.839 2.877 1.941 
8 42.60 30.4 2.929 3.079 2.876 2.917 1.940 
9 47.78 32.0 2.977 3.133 2.923 2.964 1.939 
10 52.78 33.6 3.026 3.194 2.971 3.015 1.939 
11 58.04 34.9 3.085 3.305 3.040 3.090 1.939 
117 
Run No. 32 
Heater No. 3 in 50 wt% N-Hexane 
Point Volts Amps Tl T2 T3 T4 TS 
l 5.15 8.5 2.166 2.161 2.152 2.165 1.937 
2 12.58 16.4 2.580 2.562 2.559 2.546 l. ·94 0 
3 17.55 20.0 2 .. 714 2.672 2.665 2.637 1.940 
4 25.18 24.4 2.878 2.782 2.759 2.709 1.940 
5 32.14 27 .. 6 2.981 2.850 2.808 2.760 1.940 
6 40.47 31.0 3.066 2.913 2.866 2.815 1.940 
7 45.19 32.7 3.115 2.955 2.905 2.855 1.941 
8 50.06 34.2 3.158 3.000 2.947 2.895 1.941 
9 52.71 34.9 3.190 3.090 2.970 2.916 1.940 
10 54.11 35.2 3.220 3.111 2.985 2.928 1.940 
118 
Run No. 33 
Heater No. 4 in 50 wt% N-Hexane 
Point Volts Amps Tl T2 T3 T4 T5 
1 3.17 5.3 2.022 2.018 2.017 2.016 1.936 
2 8.15 12.2 2.338 2.326 2.321 2.318 1.939 
3 13.36 16.3 2.535 2.554 2.519 2.565 1.940 
4 20.26 20.7 2.663 2.736 2.668 2.728 1.940 
5 27.18 24.0 2.727 2.833 2.752 2.725 1.940 
6 32.41 26.0 2.766 2.886 2.802 2.877 1.940 
7 37.81 28.0 2.799 2.937 2.836 2.928 1.940 
8 45.16 31.6 2.846 3.007 2.893 2.998 1.939 
9 50.21 32.4 2.881 3.062 2.932 3.053 1.939 
10 55.04 33.9 2.922 3.115 2.987 3.108 1.940 
11 58.08 34.6 2.947 3.164 3.015 3.155 1.940 
119 
Run No. 34 
Heater No. 2 in 50 wt% N-Hexane 
(Heaters 1 & 2 Boiling) 
Point Volts Amps Tl T2 T3 T4 TS 
1 5.01 7.6 2.159 2.210 2.159 2.185 1.949 
2 10.03 13.7 2.410 2.462 2.420 2.439 1.953 
3 15.04 17.6 2.518 2.580 2.537 2.560 1.952 
4 20.28 21.0 2.670 2.733 2.670 2.692 1.950 
5 25.39 23.6 2.755 2o851 2.741 2.766 1.950 
6 31.34 26.2 2.830 2.951 2.809 2.840 1.950 
7 36.87 28.4 2.886 3.010 2.848 2.880 1.951 
8 42.42 30.2 2.930 3.059 2.886 2.925 1.950 
9 48.17 32.2 2.979 3.109 2.931 2.973 1.950 
10 53.63 33.8 3.028 3.159 2.982 3.026 1.950 
11 56.34 34.5 3.050 3.180 3.003 3.050 1.951 
12 0 
Run No. 34 
Heater No. 1 in 50 wt% N-Hexane 
(He aters 1 & 2 Boiling) 
Point Volts Amps Tl T2 T3 T4 TS 
1 5.09 7.5 2.174 2.160 2.180 2.197 1.949 
2 10.31 13.5 2.526 2.430 2.497 2.442 1.953 
3 15.38 18.2 2.642 2.556 2.660 2.605 1.952 
4 19.95 21.7 2.745 2.669 2.765 2.660 1.950 
5 24.94 24.9 2.837 2.740 2.841 2.697 1.950 
6 30.02 27.5 2.912 2.812 2.903 2.736 1.950 
7 35.23 30.0 2.972 2.857 2.961 2.770 1.951 
8 40.24 32.0 3.023 2.909 3.014 2.803 1.950 
9 45.08 34.0 3.083 2.953 3.085 2.840 1.950 
10 50.02 35.7 3.146 3.015 3.156 2.890 1.950 
11 52.54 36.5 3.185 3.050 3.190 2.906 1.951 
121 
Run No. 35 
Heater No. 1 in 50 wt% N-Hexane 
(Heaters 1, 2 & 3 Boiling) 
Point Volts Amps Tl T2 T3 T4 TS 
1 5.08 7.8 2.192 2.206 2.176 2.200 1.949 
2 10.14 13.5 2.500 2.440 2.489 2.455 1.951 
3 15.49 18.5 2.648 2.570 2.670 2.605 1.953 
4 20.06 21.9 2.750 2.670 2.760 2.664 1.951 
5 25.06 25.0 2.843 2.740 2.843 2.705 1.951 
6 30.30 27.6 2.923 2.818 2.910 2.735 1.951 
7 35.52 30.0 2.983 2.850 2.970 2.770 1.952 
8 40.52 32.1 3.037 2.910 3.030 2.809 1.953 
9 45.31 34.0 3.174 3.020 3.177 2.915 1.955 
10 50.13 35.6 3.174 3.020 3.177 2.915 1.955 
122 
Run No. 35 
Heater No. 2 in 50 wt% N-Hexane 
(Heaters 1, 2 & 3 Boiling) 
Point Volts Amps Tl T2 T3 T4 TS 
1 5.45 8.5 2.178 2.205 2.176 2.189 1.949 
2 10.09 14.0 2.361 2.379 2.367 2.368 1.951 
3 15.34 18.4 2.540 2.567 2.560 2.542 1.953 
4 20.72 21.2 2.674 2.747 2.669 2.695 1.951 
5 26.10 24.0 2.760 2.864 2.748 2.775 1.951 
6 31.75 26.5 2.833 2.958 2.812 2.840 1.951 
7 37.31 28.5 2.887 3.020 2.853 2.885 1.952 
8 42.32 30.2 2.933 3.067 2.891 2.927 1.953 
9 47.76 32.1 2.986 3.120 2.938 2.983 1.955 
10 52.87 33.6 3.048 3.174 2.998 3.054 1.955 
123 
Run No. 35 
Heater No. 3 in 50 wt% N-Hexane 
(Heaters l, 2 & 3 Boiling) 
Point Volts Amps Tl T2 T3 T4 T5 
l 5.00 8.3 2.129 2.128 2.127 2.128 1.949 
2 10.10 14.7 2.346 2.344 2.348 2.336 1.951 
3 14.83 18.6 2.520 2.515 2.514 2.508 1.953 
4 20.24 21.8 2.709 2.675 2.657 2.647 1.951 
5 25.44 24.5 2.830 2.765 2.742 2.696 1.951 
6 30.97 27.0 2.945 2.830 2.807 2.748 1.951 
7 36.21 29.1 3.017 2.881 2.837 2.784 1.952 
8 41.24 31.2 3.076 2.925 2.879 2.823 1.953 
9 46.38 33.0 3.118 2.973 2.925 2.870 1.955 
10 51.13 34.5 3.178 3.025 2.975 2.919 1.955 
124 
Run No. 36 
Heater No. 1 in 50 wt% N-Hexane 
(All Heaters Boiling) 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.05 7.4 2.166 2.158 2.152 2.150 1.948 
2 7.69 10.6 2.345 2.300 2.321 2.299 1.949 
3 10.70 14.0 2.489 2.436 2.476 2.435 1.950 
4 13.00 16.3 2.557 2.492 2.561 2.501 1.951 
5 15.58 18.5 2.633 2.555 2.647 2.575 1.952 
6 20.25 22.0 2.744 2.658 2.746 2.657 1.952 
l 25.03 25.0 2.846 2.745 2.838 2.700 1.952 
8 29.60 27.3 2.917 2.805 2.903 2.729 1.952 
9 34.93 29.5 2.976 2.847 2.963 2.766 1.953 
10 39.30 31.6 3.039 2.909 3.030 2.810 1.954 
11 44.00 33.5 3.124 2.986 3.118 2.880 1.954 
12 49.00 35.3 3.205 3.04'8 3.198 2.920 .1. 954 
125 
Run No. 36 
Heater No. 2 in 50 wt% N-Hexane 
(All Heaters Boiling) 
Point Volts Amps Tl T2 T3 T4 TS 
l 5.08 7.9 2.123 2.147 2.126 2.137 1.948 
2 7.50 11.2 2.195 2.245 2.217 2.243 1.949 
3 10.02 14.1 2.282 2.330 2.319 2.322 1.950 
4 12.58 16.6 2.404 2.442 2.423 2.431 1.951 
5 15.23 18.7 2.510 2.559 2.521 2.531 1.952 
6 20.14 21.5 2.663 2.727 2.648 2.667 1.953 
7 25.92 23.8 2.754 2.857 2.741 2.769 1.953 
8 30.51 25.8 2.819 2.937 2.796 2.823 1.954 
9 35.52 27.7 2.873 3.003 2.841 2.878 1.954 
10 40.78 29.6 2.932 3.063 2.889 2.924 1.958 
11 47.51 31.9 3.019 3.150 2.975 3.024 1.970 
12 53.24 33.7 3.091 3.188 3 .. 051 3.083 1.970 
126 
Run No. 36 
Heater No. 3 in 50 wt% N-Hexane 
(All Heaters Boiling) 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.06 8.4 2.116 2.115 2.114 2.115 1.949 
2 7.51 11.8 2.191 2.196 2.194 2.205 1.949 
3 10.14 14.9 2.309 2~307 2.313 2.295 1.950 
4 12.24 16.8 2.406 2.399 2.401 2.386 1.951 
5 15.06 19.0 2.523 2.511 2.508 2.500 1.952 
6 20.30 21.8 2.705 2.666 2.652 2.643 1.953 
7 25.02 24.3 2.814 2.745 2.733 2.690 1.953 
8 30.17 26.6 2.917 2.820 2.795 2.745 1.954 
9 35.05 28.6 2.993 2.870 2.835 2.782 1.954 
10 39.95 30.6 3.068 2.923 2.879 2.824 1.958 
11 47.32 33.4 3.163 3.010 2.964 2.910 1.970 
12 53.16 35.0 3.240 3.084 3.042 2.975 1.970 
127 
Run No. 36 
Heater No. 4 in 50 wt% N-Hexane 
(All Heaters Boiling) 
Point Volts Amps Tl T2 T3 T4 TS 
1 4.96 8.1 2.088 2.093 2.088 2.085 1.948 
2 7.48 11.7 2.183 2.212 2.189 2.205 1.949 
3 10.17 14.8 2.317 2.329 2.321 2.339 1.950 
4 12.46 16.7 2.411 2.448 2.415 2.463 1.952 
5 15.00 18.6 2.507 2.555 2.499 2.575 1.952 
6 20.85 21.4 2.633 2.717 2.624 2.708 1.953 
7 25.78 23.5 2.700 2.784 2.691 2.775 1.953 
8 30.87 25.5 2.749 2.854 2.760 2.845 1.954 
9 36.12 27.5 2.790 2.917 2.818 2.909 1.954 
10 41.11 29.1 2.833 2.971 2.867 2.961 1.958 
11 48.89 32.0 2.926 3.094 2.970 3.085 1.970 
12 57.04 34.4 3.026 3.205 3.098 3.206 1.970 
128 
Run No. 37 
Heater No. 1 in 50 wt% N-Hexane 
(Check Run) 
Point Volts Amps Tl T2 T3 T4 TS 
1 7.55 10.6 2.397 2.362 2.366 2.367 1.942 
2 15.28 18.2 2.656 2.541 2.662 2.613 1.942 
3 22.68 23.5 2.810 2.699 2.817 2.682 1.942 
4 27.64 26.3 2.891 2.756 2.892 2.706 1.942 
5 35.01 29.9 2.977 2.837 2.967 2.759 1.943 
6 40.51 32.1 3.032 2.899 3.025 3.800 1.943 
7 45.17 34.1 3.083 2.942 3.073 2.840 1.943 
8 50.29 35.9 3.146 3.001 3.135 2.880 1.943 
9 54.21 37.0 3.218 3.040 3.198 2.909 1.944 
129 
Run No. 38 
Heater No. 2 in 50 wt% N-Hexane 
{Check Run) 
Point Volts Amps Tl T2 T3 T4 TS 
1 5.14 8.0 2.165 2.218 2.162 2.196 1.940 
2 12.62 15.8 2.508 2.608 2.518 2.563 1.944 
3 20.17 20.8 2.685 2.798 2.705 2.730 1.943 
4 25.10 23.5 2.756 2.894 2.750 2.792 1.944 
5 32.65 26.7 2.848 2.992 2.813 2.856 1.943 
6 40.21 29.5 2.915 3.068 2.865 2.913 1.945 
7 45.12 31.0 2.957 3.108 2.900 2.954 1.945 
8 52.38 33.5 3.028 3.200 2.978 3.027 1.945 
9 58.08 35.0 3.098 3.316 3.056 3.095 1.945 
130 
Run No. 39 
Heater No. 3 in 50 wt% N-Hexane 
(Check Run) 
Point Volts Amps Tl T2 T3 T4 TS 
1 7.53 11.7 2.360 2.354 2.342 2 .. 358 1.941 
2 15.27 18.8 2.666 2.653 2.652 2.636 1.944 
3 25.24 24.4 2.889 2.792 2.767 2.721 1.942 
4 32.19 27.5 2.995 2.860 2.817 2.768 1.942 
5 40.46 31.0 3.072 2.933 2.879 2.830 1.944 
6 45.24 32.7 3.119 2.967 2.915 2 .. 866 1.944 
7 50.11 34.3 3.171 3.012 2.961 2.910 1.944 
8 52.75 35.0 3.202 3.039 2.990 2 .. 927 1.945 
9 54.01 35.3 3.224 3.050 3.001 2.938 1.945 
131 
Run No. 40 
Heater No. 4 in 50 wt % N-Hexane 
(Check Run) 
Point Volts Amps Tl T2 T3 T4 TS 
1 5.19 8.0 2.140 2.148 2.131 2.140 1.944 
2 15.26 17.5 2.590 2.663 2.584 2.668 1.945 
3 20.33 20.6 2.678 2.760 2.680 2.752 1.945 
4 27.25 23.4 2.738 2.840 2.763 2.831 1.944 
5 32.48 26.0 2.776 2.891 2.814 2.882 1.943 
6 37.56 27.9 2.808 2.941 2.848 2.931 1.944 
7 45.23 31.6 2.856 3.016 2.904 3.006 1.945 
8 52.58 33.2 2.917 3.100 2.972 3.090 1.945 
9 58.39 34.8 2.972 3.185 3.035 3.175 1.945 
132 
Run No. 41 
Heater No. l in 25 wt% N-Hexane 
Point Volts Amps Tl T2 T3 T4 T5 
l 5.15 7.5 1.872 1.883 1.865 1.870 1.660 
2 10.19 13.6 2.140 2 .. 090 2.141 2.109 1.662 
3 15.16 18.4 2.307 2.214 2.325 2.250 1.663 
4 20.24 22.1 2.424 2.316 2.436 2.318 1.663 
5 25.34 25.4 2.511 2.396 2.515 2.362 1.663 
6 30.32 28.0 2.570 2.449 2.573 2.386 1.664 
7 35.12 30.3 2.619 2.490 2.620 2.409 1.664 
8 40.13 32.5 2.666 2.536 2.654 2.443 1.664 
9 45.16 34.5 2.715 2.580 2.706 2.472 1.664 
10 50.53 36.4 2.778 2.640 2.770 2.516 1.664 
11 52.66 36.9 2.823 2.669 2.801 2.529 1.664 
133 
Run No. 42 
Heater No. 2 in 25 wt% N-Hexane 
Point Volts Amps Tl T2 T3 T4 T5 
l 5.03 7.9 1.863 1.916 1.860 1.896 1.658 
2 10.23 14.0 2.123 2.176 2.120 2.124 1.660 
3 15.38 17.9 2.249 2.334 2.278 2.304 1.660 
4 20.18 21.0 2.350 2.451 2.356 2.408 1.660 
5 25.45 23.8 2.426 2.549 2.422 2.466 1.661 
6 30.14 26.0 2.483 2.606 2.460 2.493 1.658 
7 25.29 28.0 2.531 2.655 2.483 2.521 1.659 
8 40.32 29.8 2.558 2.694 2.509 2.553 1.659 
9 45.35 31.5 2.595 2.739 2.540 2.589 1.660 
10 50.46 33.2 2.635 2.790 2.578 2.633 1.660 
11 55.13 34.6 2.690 2.850 2.621 2.684 1.659 
12 56.60 35.0 2.701 2.910 2.640 2.710 1.660 
13 57.16 25.1 2.710 2.924 2.650 2.723 1.660 
134 
Run No. 43 
Heater No. 3 in 25 wt% N-Hexane 
Point Volts Amps Tl T2 T3 T4 T5 
l 5.16 8.5 1.859 1.852 1.845 1.859 1.656 
2 10.35 15.0 2.165 2.158 2.147 2.163 1.658 
3 15.29 18.8 2.333 2.300 2.290 2.273 1.658 
4 20.96 22.4 2.463 2.403 2.392 2.350 1.658 
5 25.54 24.8 2.558 2.451 2.436 2.382 1.658 
6 30.54 27.1 2.625 2.495 2.450 2.409 1.657 
7 35.72 29.3 2.673 2.529 2.479 2. 43 5 1.657 
8 40.73 31.5 2.716 2.565 2.513 2.465 1.656 
9 45.45 33.1 2.751 2.605 2.548 2.496 1.657 
10 50.04 34.7 2.796 2.642 2.585 2.532 1.656 
ll 54.91 36.1 2.852 2.683 2.613 2.560 1.657 
135 
Run No. 44 
Heater No. 4 in 25 wt % N-Hexane 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.21 8.4 1.833 1.830 1.822 1.820 1.653 
2 10.37 14.5 2.115 2.123 2.104 2.119 1.656 
3 15.12 18.3 2.270 2.319 2.267 2.320 1.658 
4 20.04 20.7 2.329 2.409 2.341 2.400 1.657 
5 25.27 23.4 2.373 2.468 2.403 2.459 1.655 
6 30.34 25.5 2.412 2.514 2.440 2.505 1.655 
7 35.26 27.4 2.438 2.551 2.474 2.542 1.655 
8 40.19 29.1 2.460 2.592 2.503 2.584 1.655 
9 45.09 31.0 2.483 2.637 2.533 2.628 1.65 5 
10 50.15 32.9 2.515 2.679 2.573 2.670 1.6 5 5 
11 55.85 34.5 2.544 2.758 2.626 2.748 1.655 
12 58.44 35.2 2.576 2.813 2.651 2.803 1.655 
13 59.42 35.4 2.588 2.870 2.680 2.860 1.655 
136 
Run No. 45 
Heater No. 1 in 25 wt% N-Hexane 
Point Volts Amps Tl T2 T3 T4 T5 
1 7 .. 56 11 .. 0 2 .. 060 2.060 2.048 2.060 1.661 
2 12.62 16.1 2 .. 285 2.176 2.275 2.230 1.664 
3 17.57 20.4 2.390 2.284 2.409 2.335 1.665 
4 22.66 23.8 2.483 2.368 2.492 2.359 1.664 
5 27.57 26.6 2.554 2.426 2.554 2.373 1.664 
6 32.49 29.0 2.606 2.476 2.606 2.400 1.664 
7 37.56 31.4 2.655 2.525 2.640 2.435 1.655 
8 42.61 33.5 2.702 2.573 2.691 2.468 1.666 
9 47.72 35.5 2.748 2.619 2.737 2.499 1.665 
10 53.49 37.0 2.850 2.698 2.850 2.538 1.664 
137 
Run No. 46 
Heater No. 2 in 25 wt% N-Hexane 
Point Volts Amps Tl T2 T3 T4 T5 
1 7.49 10.7 2.040 2.108 2.030 2.071 1.665 
2 12.71 16.9 2.202 2.271 2.225 2.240 1.666 
3 17.63 19.5 2.320 2.411 2.348 2.383 1.662 
4 22.57 22.5 2.400 2.590 2.402 2.435 1.662 
5 27.60 24.8 2.464 2.586 2.443 2.482 1.662 
6 32.62 27.0 2.513 2.640 2.474 2.512 1.662 
7 37.65 28.8 2.546 2.685 2.500 2.546 1.661 
8 43.12 30.8 2.588 2.726 2.530 2.579 1.661 
9 48.38 32.5 2.624 2.775 2.566 2.620 1.661 
10 53.15 34.0 2.668 2.835 2.606 2.670 1.662 
11 56.85 35.0 2.704 2.925 2.650 2.718 1.662 
138 
Run No. 47 
Heater No. 3 in 25 wt% N-Hexane 
Point Volts Amps Tl T2 T3 T4 T5 
1 7.48 11.5 2.020 2.018 2.007 2.029 1.660 
2 12.57 16.6 2.266 2.245 2.230 2.237 1.663 
3 17.68 20.5 2.406 2.361 2.354 2.326 1.660 
4 22.60 23.4 2.493 2.419 2.406 2.360 1.659 
5 27.73 25.9 2.589 2.480 2.452 2.400 1.659 
6 32.67 28.0 2.648 2.519 2.478 2.423 1.659 
7 37.67 30.1 2.693 2.549 2.495 2.450 1.659 
8 42.39 32.0 2.729 2.582 2.529 2.479 1.659 
9 47.54 33.9 2.776 2.643 2.570 2.516 1.658 
10 52.68 35.5 2.833 2.692 2.616 2.559 1.658 
11 54.68 36.1 2.853 2.740 2.683 2.614 1.658 
139 
Run No. 48 
Heater No. 4 in 25 wt% N-Hexane 
Point Volts Amps Tl T2 T3 T4 T5 
1 7.62 11.3 1.982 1.980 1.968 1.968 1.657 
2 12 .. 65 16.1 2.197 2.225 2.172 2.227 1.658 
3 17.56 19.5 2.313 2.390 2.311 2.397 1.658 
4 22.48 22.0 2.366 2.437 2.379 2.428 1.657 
5 27.56 24.4 2.401 2.484 2.430 2.475 1.657 
6 32.49 26.4 2.429 2.523 2.465 2.514 1.656 
7 37.56 28.2 2.455 2.567 2.493 2.558 1.656 
8 42.64 30.0 2.480 2.614 2.528 2.605 1.656 
9 47.70 32.0 2.506 2.664 2.562 2.655 1.656 
10 53.08 33.7 2.540 2.720 2.606 2.711 1.657 
11 58.34 35.1 2.583 2.809 2.655 2.799 1.657 
140 
Run No. 49 
Heater No. l in 25 wt% N-Hexane 
(Heaters l & 2 Boiling) 
Point Volts Amps Tl T2 T3 T4 T5 
l 5.02 7.7 1.871 1.886 1.860 1.876 1.660 
2 10.19 13.6 2.210 2.106 2.182 2.130 1.668 
3 15.14 18.5 2.346 2.240 2.360 2.297 1.667 
4 20.11 22.1 2.438 2.332 2.443 2.350 1.665 
5 25.21 25.4 2.514 2.401 2.519 2.370 1.665 
6 30.19 28.0 2.578 2.460 2.566 2.395 1.662 
7 35.25 30.4 2.626 2.509 2.615 2.420 1.665 
8 40.37 32.5 2.671 2.550 2.663 2.450 1.663 
9 45.16 34.5 2.716 2.586 2.715 2.479 1.664 
10 51.60 36.5 2.801 2.650 2.800 2.525 1.665 
141 
Run No. 49 
Heater No. 2 in 25 wt% N-Hexane 
(Heaters 1 & 2 Boiling) 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.02 7.9 1.866 1.908 1.681 1.886 1.660 
2 10.09 14.0 2.110 2.140 2.109 2.100 1.668 
3 15.13 18.5 2.240 2.280 2.243 2.264 1.666 
4 20.16 21.8 2.357 2.420 2.344 2.390 1.665 
5 25.34 24.2 2.415 2.520 2.409 2.450 1.665 
6 31.04 26.5 2.477 2.604 2.450 2.499 1.662 
7 36.99 28.6 2.535 2.659 2.493 2.537 1.665 
8 42.87 30.7 2.574 2.705 2.528 2.573 1.663 
9 48.03 32.5 2.606 2.744 2.556 2.610 1.663 
10 54.16 34.3 2.660 2.795 2.603 2.666 1.665 
142 
Run No. 50 
Heater No. 1 in 25 wt% N-Hexane 
(Heaters 1, 2 & 3 Boiling) 
Point Volts Amps Tl T2 T3 T4 TS 
1 3.50 5.6 1.768 1.781 1.762 1.775 1.659 
2 7.65 10.9 2.051 1.990 2.021 1.996 1.664 
3 10.00 13.8 2.165 2.091 2.153 2.121 1.665 
4 15.40 18.6 2.334 2.226 2.347 2.278 1.665 
5 20.75 22.5 2.435 2.334 2.449 2.343 1.665 
6 25.05 25.2 2.506 2.401 2.510 2.360 1.663 
7 30.40 28.0 2.574 2.459 2.560 2.389 1.662 
8 34.80 30.0 2.620 2.490 2.614 2.415 1.662 
9 39.50 32.0 2.660 2.530 2.651 2.440 1.662 
10 44.60 34.2 2.717 2.590 2.716 2.480 1.666 
11 51.00 36.4 2.809 2.669 2.805 2.545 1.674 
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Run No. 50 
Heater No. 2 in 25 wt% N-Hexane 
(Heaters 1, 2 & 3 Boiling) 
Point Volts Amps Tl T2 T3 T4 TS 
1 3.53 5.8 1.769 1.791 1.767 1.776 1.659 
2 7.60 11.2 1.943 1.960 1.953 1.950 1.664 
3 10.02 14.0 2.030 2.055 2.048 2.040 1.665 
4 15.50 19.0 2.225 2.278 2.236 2.246 1.666 
5 20.45 22.1 2.341 2.422 2.323 2.370 1.665 
6 25.38 24.4 2.407 2.520 2.389 2.433 1.663 
7 30.54 25.4 2.466 2.589 2.436 2.480 1.662 
8 35.42 28.0 2.518 2.640 2.481 2.517 1.662 
9 41.42 30.1 2.564 2.690 2.516 2.560 1.662 
10 47.07 32.1 2.610 2.744 2.559 2.610 1.666 
11 54.08 34.3 2.685 2.809 2.626 2.689 1.674 
1 44 
Run No. 50 
Heater No. 3 in 25 wt % N-Hexane 
(Heaters 1' 2 & 3 Boiling) 
Point Volts Amps Tl T2 T3 T4 TS 
1 3.46 6.0 1.762 1.795 1.755 1.758 1.659 
2 7.56 12.0 1.924 1.924 1.922 1.929 1.664 
3 10.16 15.1 2.031 2.033 2.034 2.033 1.665 
4 15.07 19.3 2.229 2.214 2.215 2.199 1.666 
5 20.19 22.5 2.376 2.322 2.311 2.296 1.665 
6 25.20 24.9 2.474 2.388 2.364 2.326 1.663 
7 30.35 27.0 2.555 2.432 2.408 2.375 1.662 
8 35.21 29.1 2.621 2.494 2.445 2.409 1.662 
9 40.21 31.2 2.671 2.534 2.482 2.446 1.662 
10 45.48 33.2 2.729 2.583 2.532 2.490 1.666 
11 52.31 35.3 2.799 2.653 2.599 2.560 1.674 
145 
Run No. 51 
Heater No. l in 25 wt% N-Hexane 
(All Heaters Boiling) 
?oint Volts Amps T1 T2 T3 T4 TS 
1 2.53 4.4 1.717 1.720 1.715 1.721 1.659 
2 7.60 10.7 2.058 2.000 2.024 2.007 1.665 
3 12.90 16.4 2.264 2.163 2.274 2.220 1.668 
4 17.18 20.0 2.378 2.278 2.386 2.327 1.666 
5 22.20 23.5 2.458 2.369 2.475 2.356 1.666 
6 28.00 26.8 2.548 2.439 2.550 2.383 1.666 
7 33.80 29.6 2.614 2.488 2.604 2.416 1.666 
8 39.30 32.0 2.675 2.549 2.663 2.452 1.673 
9 47.50 35.1 2.796 2.660 2.780 2.533 1.696 
146 
Run No. 51 
Heater No. 2 in 25 wt% N-Hexane 
(All Heaters Boiling) 
Point Volts Amps Tl T2 T3 T4 TS 
l 5.07 8.0 1.854 1.874 1.846 1.859 1.659 
2 7.58 11.2 1.988 2.000 1.984 1.846 1.659 
3 12.62 16.6 2.139 2.168 2.153 2.136 1.668 
4 17.60 20.3 2.282 2.348 2.288 2.303 1.666 
5 22.38 23.0 2.370 2.453 2.360 2.397 1.666 
6 27.54 25.2 2.435 2.552 2.418 2.463 1.666 
7 35.00 27.9 2.518 2.636 2.483 2.523 1.666 
8 39.92 29.6 2.565 2.690 2.521 2.562 1.673 
9 50.90 33.3 2.678 2.802 2.630 2.688 1.696 
147 
Run No. 51 
Heater No. 3 in 25 wt% N-Hexane 
(All Heaters Boiling) 
Point Volts Amps Tl T2 T3 T4 TS 
1 4.80 8.0 1.817 1.809 1.808 1.803 1.659 
2 7.54 10.8 1.922 1.918 1.911 1.922 1.665 
3 12.48 16.8 2.120 2.106 2.102 2 .. 093 1.668 
4 17.50 20.5 2.298 2.274 2.259 2.260 1.666 
5 22.30 23.1 2.422 2.360 2.353 2.310 1.666 
6 27.54 25.8 2.541 2.428 2.406 2.363 1.666 
7 34.08 28.6 2.618 2.494 2.453 2.411 1.666 
8 39.92 31.1 2.690 2.550 2.502 2.458 1.673 
9 49.70 34.6 2.805 2.659 2.610 2.560 1.696 
148 
Run No. 51 
Heater No. 4 in 25 wt% N-Hexane 
(All Heaters Boiling) 
Point Volts Amps Tl T2 T3 T4 TS 
1 5.24 8.5 1.822 1.816 1.813 1.808 1.659 
2 7.51 11.5 1.888 1.925 1.893 1.910 1.665 
3 12.55 16.7 2.106 2.146 2.098 2.153 1.666 
4 17.47 20.0 2.220 2.317 2.212 2.336 1.666 
5 22.56 22.1 2.329 2.403 2.310 2.394 1.666 
6 27.50 24.3 2.370 2.467 2.375 2.458 1.666 
7 35.52 27.5 2.436 2.544 2.470 2.535 1.666 
8 40.47 29.2 2.475 2.598 2.513 2.589 1.673 
9 51.38 33.2 2.583 2.742 2.643 2.733 1.696 
149 
Run No. 52 
Heater No. 1 in 25 wt% N-Hexane 
(Check Run) 
Point Volts Amps T1 T2 T3 T4 TS 
1 5.07 7.6 1.883 1.889 1.870 1.880 1.659 
2 12.66 16.0 2.262 2.162 2.259 2.210 1.663 
3 17.54 20.4 2.384 2.272 2.405 2.314 1.662 
4 32.47 29.0 2.599 2.468 2.593 2.399 1.661 
5 25.19 25.4 2.516 2.390 2.520 2.362 1.661 
6 40.09 32.4 2.668 2.530 2.659 2.442 1.660 
7 45.14 34.5 2.716 2.587 2.709 2.477 1.662 
8 50.12 36.2 2.776 2.631 2.764 2. ~)14 1.662 
9 53.45 27.0 2.853 2.703 2.851 2.542 1.662 
150 
Run No. 53 
Heater No. 2 in 25 wt% N-Hexane 
(Check Run) 
Point Volts Amps Tl T2 T3 T4 TS 
1 4.99 7.7 1.857 1.904 1.854 1.890 1.660 
2 12.59 16.3 2.195 2.267 2.215 2.225 1.662 
3 20.15 21.1 2.364 2.459 2.365 2.413 1.661 
4 27.60 24.8 2.456 2.570 2.440 2.475 1.658 
5 35.61 28.1 2.531 2.659 2.489 2.529 1.658 
6 42.59 30.5 2.574 2.720 2.524 2.573 1.659 
7 50.24 33.0 2.626 2.796 2.590 2.640 1.659 
8 55.08 34.5 2.689 2.863 2.638 2.693 1.661 
9 57.03 35.0 2.710 2.926 2.652 2.726 1.660 
151 
Run No. 54 
Heater No. 3 in 25 wt% N-Hexane 
{Check Run) 
Point Volts Amps Tl T2 T3 T4 TS 
1 5.15 8.6 1.869 1.864 1.855 1.867 1.658 
2 12.60 16.7 2.265 2.247 2.246 2.230 1.660 
3 20.42 22.1 2.453 2.385 2.367 2.340 1.660 
4 27.57 25.8 2.575 2.461 2.416 2.391 1.658 
5 32.55 28.0 2.637 2.509 2.448 2.417 1.658 
6 40.32 31.3 2.705 2.560 2.499 2.462 1.658 
7 45.40 33.1 2.749 2.596 2.539 2.496 1.658 
8 50.04 34.8 2.798 2.646 2.585 2.534 1.657 
9 54.85 36.0 2.852 2.687 2.613 2.560 1.657 
152 
Run No. 55 
Heater No. 4 in 25 wt% N-Hexane 
(Check Run) 
Point Volts Amps T1 T2 T3 T4 TS 
1 5.10 8.2 1.832 1.830 1.822 1.825 1.657 
2 12.56 16.4 2.186 2.209 2.164 2.211 1.660 
3 20.14 20.9 2.355 2.429 2.352 2.419 1.660 
4 27.57 24.4 2.399 2.488 2.434 2.478 1.658 
5 35.59 27.5 2.446 2.556 2.489 2.546 1.658 
6 42.51 30.0 2.481 2.619 2.530 2.610 1.658 
7 50.03 32.8 2.523 2.693 2.586 2.684 1.658 
8 55.18 34.4 2.559 2.750 2.630 2.740 1.658 
9 58.82 35.3 2.582 2.845 2.670 2.836 1.658 
153 
Run No. 56 
Heater No. 1 in 75 wt% N-Hexane 
Point Volts Amps T1 T2 T3 T4 TS 
1 5.07 7.4 2.551 2.564 2.537 2.556 2.324 
2 10.15 13.3 2.824 2.774 2.810 2.795 2.335 
3 15.35 17.9 2.998 2.890 2.992 2.930 2.334 
4 20.57 21.5 3.140 3.015 3.125 3.002 2.334 
5 25.41 24.6 3.236 3.110 3.211 3.058 2.335 
6 30.40 27.1 3.309 3.175 3.284 3.111 2.335 
7 40.80 31.7 3.414 3.265 3.391 3.174 2.334 
8 35.33 29.5 3.359 3.217 3.333 3.135 2.335 
9 45.34 33.6 3.461 3.315 3.448 3.203 2.334 
10 50.46 35.5 3.525 3.370 3.506 3.243 2.335 
11 52.79 36.0 3.564 3.396 3.543 3.261 2.334 
12 54.00 36.4 3.581 3.406 3.570 3.270 2.335 
13 54.91 36.5 3.605 3.409 3.606 3.327 2.335 
154 
Run No. 57 
Heater No. 2 in 75 wt% N-Hexane 
Point Volts Amps Tl T2 T3 T4 TS 
1 5.23 7.8 2.548 2.617 2.542 2.590 2.323 
2 10.11 13.0 2.785 2.862 2.775 2.822 2.329 
3 15.12 17.1 2.940 3.034 2.949 2.999 2.331 
4 20.38 20.5 3.045 3.175 3.044 3.095 2.330 
5 25.20 23.0 3.123 3.269 3.110 3.158 2.331 
6 30.35 35.4 3.197 3.337 3.166 3.205 2.332 
7 35.39 27.3 3.246 3.391 3.201 3.250 2.328 
8 40.53 29.2 3.290 3.430 3.233 3.280 2.331 
9 45.55 31.0 3.329 3.484 3.265 3.327 2.330 
10 50.32 32.5 3.373 3.528 3.305 3.372 2.333 
11 55.67 34.0 3.431 3.609 3.357 3.425 2.333 
12 57.52 34.5 3.444 3.647 3.371 3.448 2.333 
13 58.42 34.6 3.460 3.650 3.387 3.470 2.331 
14 59.50 34.7 3.469 3.730 3.388 3.490 2.332 
155 
Run No. 58 
Heater No. 3 in 75 wt% N-Hexane 
Point Volts Amps Tl T2 T3 T4 TS 
1 5.05 8.1 2.534 2.528 2.519 2.531 2.323 
2 10.14 13.8 2.819 2.796 2.785 2.788 2.329 
3 17.59 19.7 3.065 2.010 2.998 2.960 2.330 
4 25.36 24.1 3.235 3.128 3.101 3.053 2.330 
5 32.30 27.2 3.337 3.197 3.144 3.108 2.331 
6 40.21 30.5 3.426 3.268 3.208 3.170 2.330 
7 45.08 32.4 3.477 3.318 3.254 3.210 2.332 
8 50.64 34.1 3.542 3.370 3.309 3.260 2.334 
9 53.05 34.8 3.575 3.396 3.334 3.278 2.332 
10 54.64 35.0 3.602 3.418 3.358 3.290 2.332 
11 55.47 35.1 3.615 3.429 3.368 3.299 2.332 
156 
Run No. 59 
Heater No. 4 in 75 wt% N-Hexane 
Point Volts Amps Tl T2 T3 T4 TS 
1 5.09 7.8 2.500 2.500 2.491 2.485 2.325 
2 12.72 15.5 2.885 2.886 2.872 2.906 2.330 
3 20.24 20.4 3.034 3.092 3.042 3.083 2.332 
4 27.51 23.8 3.115 3.196 3.130 3.187 2.332 
5 35.23 26.8 3.167 3.275 3.196 3.266 2.329 
6 42.45 29.5 3.209 3.345 3.250 3.336 2.330 
7 47.76 31.4 3.240 3.396 3.291 3.387 2.330 
8 52.51 33.0 3.274 3.434 3.334 3.425 2.330 
9 56.94 34.3 3.312 3.472 3.388 3.463 2.330 
10 58.80 34.7 3.330 3.490 3.410 3.481 2.330 
11 59.83 34.9 3.346 3.516 3.428 3.506 2.330 
157 
Run No. 60 
Heater No. 1 in 75 wt% N-Hexane 
Point Volts Amps Tl T2 T3 T4 T5 
1 7.50 10.1 2.698 2.685 2.685 2.677 2.327 
2 12.55 15.5 2.910 2.840 2.900 2.852 2.335 
3 17.64 19.6 3.067 2.971 3.062 2.960 2.337 
4 22.60 23.0 3.188 3.059 3.174 3.030 2.338 
5 27.71 25.9 3.278 3.155 3.260 3.090 2.337 
6 32.56 28.2 3.339 3.201 3.315 3.113 2.338 
7 37.76 30.5 3.392 3.245 3.373 3.151 2.337 
8 42.55 32.5 3.444 3.292 3.424 3.185 2.338 
9 47.76 34.5 3.499 3.341 3.489 3.220 2.337 
10 52.75 36.0 3.563 3.410 3.551 3.265 2.338 
11 54.80 36.5 3.610 3.421 3.596 3.275 2.338 
12 55.60 36.6 3.625 3.430 3.616 3.309 2.338 
158 
Run No. 61 
Heater No. 2 in 75 wt% N-Hexane 
Point Volts Amps T1 T2 T3 T4 T5 
1 19.24 20.0 3.031 3.155 3.032 3.081 2.331 
2 22.55 21.9 3.095 3.226 3.087 3.144 2.332 
3 27.54 24.4 3.166 3.315 3.146 3.190 2.332 
4 32.54 26.5 3.225 3.366 3.187 3.240 2.333 
5 37.68 28.3 3.272 3.421 3.220 3.275 2.333 
6 42.57 30.0 3.310 3.465 3.250 3.320 2.333 
7 47.61 31.6 3.353 3.515 3.286 3.356 2.333 
8 52.60 33.1 3.400 3.573 3.330 3.401 2.334 
9 58.40 34.6 3.463 3.710 3.386 3.476 2.335 
10 59.15 34.7 3.471 3.736 3.396 3.493 2.336 
159 
Run No. 62 
Heater No. 3 in 75 wt% N-Hexane 
Point Volts Amps T1 T2 T3 T4 T5 
1 7.52 11.0 2.725 2.711 2.697 2.710 2.332 
2 12.75 16.1 2.960 2.922 2.915 2.896 2.334 
3 20.22 21.5 3.145 3.072 3.061 3.011 2.333 
4 27.58 25.2 3.299 3.179 3.146 3.090 2.333 
5 35.09 28.4 3.400 3.246 3.185 3.142 2.333 
6 37.86 29.5 3.415 3.262 3.207 3.164 2.333 
7 42.45 31.4 3.464 3.301 3.241 3.198 2.332 
8 47.60 33.1 3.516 3.348 3.287 3.240 2.333 
9 52.49 34.6 3.572 3.395 3.333 3.280 2.334 
10 55.06 35.1 3.618 3.432 3.361 3.301 2.333 
160 
Run No. 63 
Heater No. 4 in 75 wt% N-Hexane 
Point Volts Amps Tl T2 T3 T4 T5 
1 7.50 10.9 2.674 2.655 2.663 2.650 2.330 
2 11.17 14.3 2.840 2.835 2.817 2.853 2.333 
3 17.58 19.0 3.002 3.049 3.010 3.040 2.332 
4 22.55 21.8 3.072 3.127 3.080 3.118 2.332 
5 30.25 25.1 3.144 3.226 3.163 3.217 2.332 
6 27.51 27.8 3.188 3.298 3.220 3.289 2.332 
7 45.10 30.5 3.229 3.370 3.274 3.361 2.332 
8 50.25 32.4 3.263 3.413 3.319 3.404 2.332 
9 55.63 34.0 3.307 3.459 3.380 3.450 2.332 
10 59.82 34.9 3.346 3.517 3.431 3.508 2.332 
161 
Run No. 64 
Heater No. 1 in 75 wt% N-Hexane 
(Heaters 1 & 2 Boiling) 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.18 7.9 2.579 2.612 2.568 2.600 2.332 
2 10.25 13.5 2.871 2.811 2.843 2.844 2.340 
3 15.19 17.9 3.011 2.926 3.009 2.952 2.340 
4 20.16 21.5 3.134 3.035 3.128 3.019 2.340 
5 25.13 24.5 3.238 3.111 3.220 3.075 2.341 
6 30.24 27.1 3.311 3.176 3.289 3.109 2.342 
7 35.16 29.4 3.369 3.230 3.349 3.137 2.342 
8 40.37 31.5 3.420 3.270 3.405 3.181 2.342 
9 45.07 33.5 2.469 3.319 3.459 3.210 2.344 
10 51.21 35.6 3.539 3.386 3.551 3.257 2.347 
11 53.91 36.4 3.572 3.408 3.586 3.280 2.352 
162 
Run No. 64 
Heater No. 2 in 75 wt% N-Hexane 
(Heaters 1 & 2 Boiling) 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.32 7.7 2.560 2.627 2.557 2.609 2.332 
2 10.15 13.0 2.765 2.804 2.779 2.777 2.340 
3 15.45 17.5 2.901 2.958 2.910 2.938 2.340 
4 20.70 20.9 3.026 3.115 3.015 3.060 2.340 
5 25.98 23.5 3.123 3.236 3.100 3.153 2.341 
6 31.51 25.9 3.202 3.329 3.170 3.214 2.342 
7 27.11 28.0 3.260 3.389 3.216 3.258 2.341 
8 42.59 30.0 3.305 3.435 3.254 3.307 2.342 
9 48.04 31.8 3.349 3.482 3.290 3.356 2.344 
10 54.48 33.6 3.405 3.535 3.343 3.412 2.347 
11 57.66 34.5 3.440 3.559 3.369 3.450 2.352 
163 
Run No. 65 
Heater No. 1 in 75 wt% N-Hexane 
(Heaters 1, 2 & 3 Boiling) 
Point Volts Amps Tl T2 T3 T4 T5 
1 4.92 7.5 2.539 2.558 2.529 2.545 2.332 
2 10.36 13.6 2.831 2.798 2.821 2.811 2.339 
3 15.18 17.9 2.990 2.914 2.989 2.910 2.340 
4 20.14 21.5 3.124 3.026 3.118 3.010 2.339 
5 25.12 24.5 3.235 3.112 3.212 3.068 2.339 
6 30.10 27.0 3.309 3.180 3.286 3.107 2.342 
7 35.29 29.5 3.368 3.222 3.351 3.141 2.343 
8 40.28 31.5 3.422 3.275 3.409 3.175 2.345 
9 45.08 33.5 3.480 3.321 3.472 3.225 2.361 
164 
Run No. 65 
Heater No. 2 in 75 wt% N-Hexane 
(Heaters 1, 2 & 3 Boiling) 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.14 7.5 2.501 2.531 2.502 2.529 2.332 
2 10.35 13.5 2.689 2.720 2.697 2.715 2.339 
3 15.37 17.5 2.876 2.927 2.871 2.889 2.340 
4 20.59 20.8 3.013 3.102 3.007 3.039 2.339 
5 25.72 23.4 3.115 3.229 3.097 3.141 2.339 
6 31.15 25.8 3.197 3.318 3.168 3.208 2.342 
7 36.78 27.8 3.255 3.385 3.215 3.266 2.342 
8 41.93 29.6 3.300 3.430 3.252 3.302 2.345 
9 47.19 31.5 3.360 3.489 3.301 3.353 2.361 
165 
Run No. 65 
Heater No. 3 in 75 wt% N-Hexane 
(Heaters 1, 2 & 3 Boiling) 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.06 8.1 2.511 2.506 2.505 2.500 2.332 
2 10.00 14.3 2.693 2.691 2.691 2.689 2.339 
3 14.84 17.9 2.895 2.871 2.864 2.853 2.340 
4 20.09 21.4 3.054 3.004 2.989 2.966 2.339 
5 25.10 24.0 3.185 3.104 3.089 3.040 2.339 
6 30.30 26.4 3.298 3.182 3.152 3.096 2.342 
7 35.69 28.7 3.386 3.242 3.199 3.142 2.343 
8 40.31 30.5 3.435 3.279 3.221 3.180 2.345 
9 45.92 32.6 3.483 3.331 3.276 3.232 2.361 
166 
Run No. 66 
Heater No. l in 75 wt% N-Hexane 
(All Heaters Boiling) 
Point Volts Amps Tl T2 T3 T4 T5 
l 5.02 7.5 2.545 2.550 2.533 2.533 2.335 
2 7.51 10.5 2.704 2.693 2.686 2.692 2.339 
3 9.96 13.1 2.810 2.785 2.803 2.800 2.343 
4 15.15 17.7 2.986 2.911 2.990 2.927 2.344 
5 20.05 21.3 3.120 3.030 3.120 3.012 2.341 
6 25.02 24.5 3.232 3.112 3.219 3.063 2.342 
7 30.00 27.0 3.308 3.175 3.290 3.104 2.343 
8 35.00 29.2 3.366 3.223 3.353 3.145 2.353 
9 40.00 31.3 3.434 3.276 3.423 -3.194 2.373 
167 
Run No. 66 
Heater No. 2 in 75 wt% N-Hexane 
(All Heaters Boiling) 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.12 7.9 2.515 2.533 2.515 2.519 2.335 
2 7.53 10.9 2.607 2.636 2.626 2.627 2.339 
3 10.48 14.2 2.722 2.755 2.734 2.727 2.343 
4 15.17 17.5 2.873 2.915 2.882 2.875 2.344 
5 20.46 20.8 3.019 3.089 3.004 3.030 2.341 
6 25.96 23.5 3.133 3.231 3.106 3.133 2.342 
7 31.56 26.0 3.209 3.325 3.180 3.206 2.343 
8 36.81 27.9 3.268 3.386 3.224 3.257 2.353 
9 41.95 29.6 3.324 3.448 3.272 3.323 2.373 
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Run No. 66 
Heater No. 3 in 75 wt% N-Hexane 
(All Heaters Boiling) 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.62 8.8 2.534 2.515 2.525 2.488 2.335 
2 7.55 11.5 2.588 2.588 2.589 2.588 2.339 
3 10.00 14.2 2.697 2.691 2.690 2.686 2.343 
4 15.14 18.1 2.899 2.877 2.866 2.868 2.344 
5 20.23 21.4 3.066 3.008 2.986 2.972 2.341 
6 25.23 24.0 3.182 3.102 3.080 3.045 2.342 
7 30.54 26.5 3.295 3.181 3.141 3.100 2.343 
8 35.49 28.5 3.378 3.239 3.192 3.146 2.353 
9 40.10 30.4 3.443 3.293 3.241 3.195 2.373 
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Run No. 66 
Heater No. 4 in 75 wt% N-Hexane 
(All Heaters Boiling) 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.22 7.3 2.486 2.485 2.486 2.478 2.335 
2 7.52 11.4 2.570 2.603 2.583 2.590 2.339 
3 10.11 14.1 2.690 2.715 2.690 2.715 2.343 
4 15.19 17.4 2.860 2.886 2.842 2.890 2.344 
5 20.60 20.8 2.988 3.035 2.971 3.026 2.341 
6 25.95 23.5 3.065 3.131 3.064 3.123 2.342 
7 32.08 25.8 3.130 3.224 3.149 3.215 2.343 
8 37.36 27.7 3.183 3.282 3.210 3.273 2.353 
9 42.31 29.5 3.223 3.345 3.268 3.336 2.373 
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Run No. 67 
Heater No. 1 in 75 wt% N-Hexane 
(Check Run) 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.19 7.8 2.563 2.591 2.551 2.585 2.329 
2 12.53 15.7 2.915 2.842 2.912 2.860 2.335 
3 20.55 21.7 3.138 3.027 3.130 3.005 2.336 
4 27.69 25.9 3 ·. 272 3.148 3.258 3.093 2.336 
5 35.28 29.5 3.366 3.215 3.355 3.138 2.337 
6 40.82 31.6 3.420 3.263 3.408 3.170 2.337 
7 45.32 33.5 3.468 3.320 3.456 3.200 2.339 
8 50.30 35.4 3.524 3.372 3.518 3.253 2.339 
9 54.95 36.5 3.605 3.418 3.599 3.289 2.339 
10 55.51 36.6 3.635 3.431 3.635 3.317 2.339 
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Run No. 68 
Heater No. 2 in 75 wt% N-Hexane 
(Check Run) 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.14 7.6 2.555 2.616 2.555 2.598 2.329 
2 12.72 16.1 2.886 2.951 2.915 2.912 2.337 
3 20.51 20.8 3.055 3.176 3.054 3.095 2.334 
4 27.51 24.3 3.161 3.299 3.146 3.195 2.335 
5 35.36 27.3 3.249 3.390 3.200 3.251 2.333 
6 42.66 29.9 3.309 3.456 3.248 3.315 2.335 
7 47.68 31.6 3.352 3.513 3.292 3.353 2.336 
8 52.70 33.2 3.401 3.569 3.333 3.415 2.336 
9 57.58 34.4 3.454 3.670 3.386 3.470 2.338 
10 59.53 34.7 3.476 3.735 3.410 3.510 2.340 
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Run No. 69 
Heater No. 3 in 75 wt% N-Hexane 
(Check Run) 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.07 8.1 2.555 2.548 2.539 2.551 2.331 
2 12.64 16.1 2.960 2.930 2.914 2.915 2.335 
3 20.24 21.4 3.145 3.077 3.062 3.018 2.334 
4 27.46 25.1 3.298 3.167 3.132 3.091 2.334 
5 35.25 28.3 3.403 3.249 3.190 3.153 2.335 
6 40.24 30.5 3.455 3.288 3.230 3.188 2.335 
7 45.24 32.4 3.505 3.335 3.270 3.229 2.336 
8 50.09 34.0 3.561 3.382 3.317 3.269 2.336 
9 52.56 34.6 3.581 3.403 3.341 3.288 2.336 
10 55.93 35.1 3.620 3.434 3.370 3.302 2.335 
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Run No. 70 
Heater No. 4 in 75 wt% N-Hexane 
(Check Run) 
Point Volts Amps Tl T2 T3 T4 T5 
1 4.89 7.8 2.513 2.508 2.506 2.498 2.332 
2 12.56 15.5 2.882 2.896 2.878 2.906 2.336 
3 20.19 20.5 3.044 3.087 3.050 3.077 2.335 
4 27.58 24.0 3.124 3.191 3.140 3.182 2.335 
5 35.10 26.9 3.177 3.273 3.208 3.264 2.336 
6 40.14 28.7 3.203 3.316 3.238 3.307 2.331 
7 45.07 30.5 3.225 3.358 3.271 3.349 2.328 
8 50.43 32.4 3.265 3.408 3.319 3.398 2.331 
9 55.04 33.9 3.303 3.457 3.378 3.447 2.334 
10 59.92 35.0 3.350 3.517 3.436 3.506 2.334 
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Run No. 71 
Heater No. 1 in N-Pentane 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.30 8.4 1.667 1.678 1.653 1.678 1.452 
2 10.21 14.1 1.909 1.817 1.893 1.859 1.454 
3 15.09 18.5 2.024 1.928 3.035 1.966 1.453 
4 22.54 24.0 2.157 2.055 2.158 2.033 1.452 
5 30.11 28.2 2.248 2.130 2.240 2.074 1.450 
6 37.60 31.6 2.311 2.178 2.300 2.106 1.449 
7 42.51 33.8 2.347 2.217 2.344 2.127 1.449 
8 47.76 35.7 2.386 2.252 2.388 2.151 1.449 
9 52.41 37.1 2.430 2.285 2.430 2.170 1.448 
10 53.46 37.5 2.441 2.290 2.443 2.175 1.448 
11 54.26 37.6 2.460 2.310 2.462 2.182 1.448 
12 55.29 37.9 2.485 2.316 2.490 2.189 1.447 
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Run No. 72 
Heater No. 2 in N-Pentane 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.26 8.0 1.647 1.674 1.637 1.650 1.448 
2 15.14 18.0 1.942 2.040 1.967 2.014 1.449 
3 22.58 23.0 2.077 2.177 2.074 2.102 1.448 
4 30.15 26.6 2.167 2.269 2.140 2.170 1.448 
5 37.46 29.5 2.220 2.326 2.182 2.212 1.445 
6 43.27 31.5 2.256 2.370 2.205 2.243 1.445 
7 50.33 33.7 2.296 2.429 2.235 2.288 1.446 
8 55.90 35.4 2.333 2.490 2.265 2.332 1.446 
9 57.15 35.6 2.345 2.515 2.278 2.345 1.445 
10 58.58 36.0 2.360 2.568 2.288 2.361 1.445 
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Run No. 73 
Heater No. 3 in N-Pentane 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.03 8.3 1.615 1.611 1.601 1.615 1.446 
2 12.58 17.0 1.950 1.930 1.921 1.916 1.446 
3 20.32 22.6 2.139 2.079 2.049 2.000 1.445 
4 27.42 26.6 2.247 2.152 2.108 2.055 1.442 
5 35.61 30.1 2.328 2.184 2.132 2.092 1.442 
6 40.19 32.1 2.361 2.209 2.154 2.112 1.441 
7 45.04 33.9 2.399 2.239 2.181 2.138 1.442 
8 47.69 34.8 2.421 2.255 2.196 2.153 1.443 
9 52.98 36.4 2.469 2.291 2.230 2.184 1.443 
10 53.63 36.5 2.481 2.301 2.239 2.190 1.444 
11 54.48 36.6 2.490 2.307 2.245 2.195 1.443 
12 55.19 36.8 2.497 2.312 2.248 2.199 1.443 
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Run No. 74 
Heater No. 4 in N-Pentane 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.35 8.6 1.626 1.615 1.613 1.613 1.447 
2 12.50 16.3 1.900 1.925 1.905 1.916 1.448 
3 20.16 21.5 2.023 2.050 2.045 2.040 1.447 
4 27.55 25.0 2.088 2.lo9 2.119 2.109 1.445 
5 35.09 28.1 2.128 2.176 2.169 2.167 1.446 
6 40.63 30.1 2.147 2.213 2.190 2.207 1.445 
7 45.42 31.8 2.166 2.252 2.218 2.243 1.445 
8 50.76 33.8 2.194 2.297 2.258 2.288 1.445 
9 55.80 35.4 2.221 2.331 2.297 2.322 1.444 
10 57.75 35.9 2.235 2.341 2.313 2.333 1.444 
11 59.15 36.5 2.263 2.375 2.338 2.364 1.444 
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Run No. 75 
Heater No. 1 in N-Pentane 
Point Volts Amps T1 T2 T3 T4 T5 
1 5.42 8.6 1.677 1.671 1.660 1.668 1.450 
2 15.27 19.2 2.009 1.930 2.013 1.965 1.450 
3 25.20 25.9 2.179 2.086 2.178 2.058 1.448 
4 32.60 29.6 2.263 2.148 2.256 2.092 1.446 
5 40.22 32.9 2.330 2.202 2.323 2.123 1.444 
6 47.59 35.8 2.393 2.354 2.388 2.152 1.446 
7 55.24 37.9 2.470 2.308 2.465 2.180 1.445 
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Run No. 76 
Heater No. 1 in N-Pentane 
Point Volts Amps Tl T2 T3 T4 T5 
1 7.61 11.0 1.769 1.731 1.752 1.748 1.448 
2 15.16 18.9 1.998 1.919 1.997 1.960 1.450 
3 22.54 24.0 2.137 2.050 2.138 2.036 1.449 
4 30.19 28.2 2.235 2.130 2.229 2.080 1.448 
5 37.44 31.5 2.303 2.183 2.298 2.114 1.447 
6 45.25 34.8 2.368 2.238 2.366 2.141 1.447 
7 50.21 36.5 2.411 2.269 2.410 2.160 1.446 
8 55.18 37.8 2.470 2.310 2.468 2.180 1.449 
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Run No. 77 
Heater No. 2 in N-Pentane 
Point Volts Amps Tl T2 T3 T4 T5 
1 7.67 10.5 1.730 1.788 1.726 1.770 1.447 
2 15.11 17.9 1.938 1.982 1.977 1.975 1.446 
3 22.65 22.8 2.072 2.129 2.072 2.090 1.445 
4 30.13 26.5 2.162 2.230 2.147 2.165 1.444 
5 37.33 29.5 2.224 2.302 2.192 2.208 1.444 
6 42.68 31.3 2.257 2.349 2.215 2.240 1.444 
7 50.55 33.9 2.302 2.430 2.242 2.294 1.443 
8 57.25 35.7 2.348 2.520 2.275 2.349 1.443 
9 58.04 35.9 2.357 2.562 2.290 2.356 1.443 
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Run No. 78 
Heater No. 3 in N-Pentane 
Point Volts Amps Tl T2 T3 T4 T5 
1 7.60 11.8 1.743 1.744 1.731 1.753 1.445 
2 15.59 19.5 2.000 1.980 1.977 1.963 1.446 
3 22.51 24.1 2.143 2.081 2.079 2.030 1.445 
4 30.15 28.0 2.268 2.158 2.133 2.073 1.444 
5 35.42 30.2 2.324 2.196 2.160 2.096 1.444 
6 40.29 32.3 2.365 2.222 2.181 2.120 1.443 
7 45.15 34.0 2.403 2.250 2.203 2.143 1.443 
8 52.67 36.4 2.470 2.292 2.231 2.183 1.444 
9 54.86 36.9 2.499 2.313 2.250 2.200 1.444 
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Run No. 79 
Heater No. 4 in N-Pentane 
Point Volts Amps Tl T2 T3 T4 T5 
1 7.44 11 .. 4 1 .. 718 1.702 1.700 1.705 1 .. 445 
2 15 .. 07 18.4 1 .. 954 1.935 1.967 1.969 1.447 
3 22.72 23.0 2.030 2.065 2.060 2.050 1 .. 422 
4 30.43 26.5 2.120 2.155 2.152 2.145 1.446 
5 35.22 28.4 2 .. 146 2.195 2.184 2.185 1.449 
6 40.70 30.3 2.169 2.237 2.215 2.228 1.450 
7 45.67 32.1 2.187 2.275 2.242 2.266 1.450 
8 50.58 33.9 2.207 2.310 2.269 2.301 1 .. 450 
9 55.19 35.3 2.230 2.339 2.302 2.330 1 .. 450 
10 58 .. 77 36.2 2 .. 256 2.369 2.333 2.360 1.450 
11 59.08 36 .. 3 2.260 2.374 2.339 2.365 1.450 
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Run No. 80 
Heater No. 1 in N-Pentane 
(All Heaters Boiling) 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.03 7.9 1.669 1.661 1.653 1.653 1.458 
2 10.08 14.1 1.849 1.827 1.848 1.860 1.460 
3 15.05 18.9 2.007 1.943 2.006 1.984 1.457 
4 17.00 20.5 2.039 1.976 2.030 2.004 1.456 
5 20.00 22.5 2.091 2.032 2.084 2.027 1.454 
6 23.00 24.5 2.140 2.070 2.131 2.052 1.454 
7 27.72 27.0 2.205 2.118 2.195 2.079 1.453 
8 34.90 30.4 2.281 2.170 2.273 2.110 1.451 
9 40.00 32.5 2.328 2.207 2.323 2.130 1.451 
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Run No. 80 
Heater No. 2 in N-Pentane 
(All Heaters Boiling) 
Point Volts Amps Tl T2 T3 T4 T5 
l 5.07 6.9 1.600 1.648 1.594 1.639 1.458 
2 10.36 13.6 1.802 1.831 1.817 1.815 1.460 
3 16.03 18.8 1.950 1.982 1.960 1.969 1.457 
4 18.79 20.6 2.009 2.041 2.006 2.016 1.456 
5 20.51 21.7 2.039 2.070 2.030 2.040 1.454 
6 22.76 23.0 2.079 2.106 2.060 2.070 1.454 
7 27.58 25.5 2.140 2.174 2.120 2.132 1.453 
8 36.27 29.0 2.219 2.268 2.195 2.203 1.451 
9 41.71 30.9 2.257 2.222 2.235 2.229 1.451 
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Run No. 80 
Heater No. 3 in N-Pentane 
(All Heaters Boiling) 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.02 8.3 1.625 1.616 1.609 1.614 1.458 
2 9.97 14.6 1.780 1.772 1.772 1.763 1.460 
3 15.06 19.2 1.933 1.911 1.901 1.900 1.457 
4 17.49 21.0 1.999 1.968 1.953 1.945 1.456 
5 20.06 22.6 2.060 2.017 2.005 1.988 1.454 
6 22.65 24.3 2.117 2.062 2.051 2.019 1.454 
7 26.82 26.4 2.200 2.120 2.105 2.057 1.453 
8 35.13 30.1 2.308 2.185 2.149 2.103 1.451 
9 40.06 32.2 2.357 2.216 2.175 2.124 1.451 
186 
Run No. 80 
Heater No. 4 in N-Pentane 
(All Heaters Boiling) 
Point Volts Amps Tl T2 T3 T4 T5 
1 5.09 8.5 1.598 1.593 1.590 1.591 1.458 
2 10.10 14.4 1.756 1.754 1.749 1.772 1.460 
3 15.17 18.6 1.902 1.878 1.895 1.918 1.457 
4 17.52 20.2 1.953 1.928 1.941 1.969 1.456 
5 20.14 21.8 1.996 1.976 1.989 2.018 1.454 
6 22.91 23.3 2.030 2.022 2.028 2.055 1.454 
7 27.69 25.5 2.089 2.100 2.090 2.116 1.452 
8 36.80 29.0 2.150 2.203 2.175 2.194 1.451 
9 41.72 30.7 2.174 2.269 2.214 2.238 1.451 
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Run No. 81 
Heater No. 1 in N-Pentane 
(Check Run) 
Point Volts Amps Tl T2 T3 T4 T5 
1 7.65 11.4 1.781 1.717 1.763 1.742 1.453 
2 15.23 19.0 2.002 1.933 2.002 1.963 1.452 
3 22.62 24.2 2.145 2.064 2.148 2.048 1.451 
4 27.59 27.0 2.208 2.116 2.212 2.076 1.451 
5 35.18 30.6 2.290 2.175 2.288 2.110 1.450 
6 42.66 33.7 2.355 2.222 2.350 2.141 1.449 
7 47.64 35.5 2.390 2.258 2.391 2.158 1.449 
8 52.72 37.2 2.440 2.298 2.440 2.179 1.449 
9 54.92 37.8 2.480 2.316 2.475 2.190 1.449 
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Run No. 82 
Heater No. 2 in N-Pentane 
(Check Run) 
Point Volts Amps Tl T2 T3 T4 T5 
1 7.59 11.1 1.759 1.772 1.755 1.761 1.450 
2 15.31 18.3 1.963 1.993 2.009 1.980 1.450 
3 22.61 23.0 2.088 2.125 2.089 2.094 1.448 
4 30.14 26.6 2.176 2.220 2.152 2.162 1.448 
5 37.46 29.4 2.231 2.297 2.202 2.211 1.448 
6 45.10 32.0 2.278 2.376 2.233 2.260 1.448 
7 52.48 34.5 2.324 2.449 2.260 2.311 1.447 
8 57.89 35.9 2.360 2.544 2.291 2.360 1.447 
9 58.39 36.0 2.368 2.552 2.298 2.365 1.447 
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Run No. 83 
Heater No. 3 in N-Pentane 
(Check Run) 
Point Volts Amps Tl T2 T3 T4 T5 
1 7.62 11.9 1.751 1.744 1.732 1.751 1.449 
2 15.07 19.2 1.999 1.980 1.977 1.965 1.450 
3 22.56 24.1 2.159 2.096 2.089 2.040 1.448 
4 30.20 28.0 2.272 2.135 2.148 2.085 1.448 
5 37.43 31.1 2.348 2.216 2.183 2.118 1.448 
6 42.57 33.2 2.393 2.244 2.202 2.139 1.447 
7 47.57 35.1 2.434 2.268 2.210 2.163 1.447 
8 52.45 36.5 2.481 2.301 2.239 2.193 1.446 
9 54.78 37.1 2.506 2.319 2.258 2.201 1.446 
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Run No. 84 
Heater No. 4 in N-Pentane 
(Check Run) 
Point Volts Amps Tl T2 T3 T4 T5 
1 7.72 11.8 1.720 1.706 1.703 1.708 1.450 
2 15.19 18.5 1.966 1.926 1.978 1.988 1.450 
3 22.44 23.0 2.060 2.049 2.080 2.080 1.448 
4 30.26 26.5 2.123 2.162 2.152 2.152 1.447 
5 37.50 29.3 2.162 2.218 2.201 2.208 1.447 
6 45.04 31.9 2.188 2.270 2.240 2.261 1.447 
7 50.56 33.9 2.208 2.311 2.271 2.302 1.447 
8 55.15 35.3 2.230 2.342 2.301 2.333 1.447 






Experimental data taken from Run No. 40 (Point No. 9) 
is used here as a sample of the boiling heat transfer 
calculations. 
Initial data: amperage= 34.8; voltage = 58.39 
bath thermocouple= 1.945 mv 
surface thermocouple no. l 2.972 mv 
surface thermocouple no. 2 3.185 mv 
surface thermocouple no. 3 3.035 mv 
surface thermocouple no. 4 3.175 mv 
A. Average surface thermocouple readings 
EMF = (2.972 + 3.185 + 3.305 + 3.175) mv 
avg 
EMV = 3.092 mv = 165.4°F (76) 
avg 
B. Temperature difference between surface and saturated 
liquid 
T = Tsurface - Tbath 
T = 165.4- 118.3 = 47.1°F 
C. Heat flux per foot squared 
Q/A = (V) (I) ( 3 . 4 2 4) I ( 4. 9 6) ( 1 . 0 4 8) ( 3 . 14) I ( 14 4) 
Q/A = 60849.0 BTU/hr ft 2 
D. Heat transfer coefficient 
h = (Q/A)/T 
h (60849.0)1(47.1) 1290.3 BTUihr ft 20 p 
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APPENDIX C 
PHYSICAL PROPERTIES OF THE FLUIDS 
The physical properties of n-pentane and n-hexane 
were taken from Reid and Sherwood (77). The critical 
properties for the mixtures were calculated by using 
Kay's rule as described by Reid and Sherwood (77). 
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APPENDIX D 
COMPOSITION OF THE FLUIDS 
l95 
The normal pentane used in this investigation was 
supplied by Phillips Petroleum and designated technical 
grade. Analysis on a Varian Series 1520 chromatograph 
indicated that the fluid purity was in excess of 99 
mole %. The normal hexane used was supplied by Burdick 
and Jackson Laboratories Inc. and designated suitable 
for spectrophotometry. Analysis showed the normal 
hexane purity to be greater than 99 mole %. 
The mixtures were prepared on a weight basis by 
weighing calculated amounts of each pure component to 
give the required weight per cent for that mixture. 
All weighing were made on a Sartorium solution balance 
which had an accuracy of 0.1 g. 25, 50 and 75 wt % 






The errors in a heat flux determination fall into 
two categories: those associated with heater design and 
dimensional measurements, and those resulting from power 
and temperature measurement inaccuracies. 
The variation in tube wall thickness would affect 
surface temperatures due to creation of local hot spots. 
The error encountered here was limited to 1% by constraints 
on heater fabrication. 
Power measurement accuracy is dependent on measurement 
instrumentation and reading error. The ammeter could be 
read to ~0.1 amps which amounts to an error of 0.15%. 
The uncertainty in voltage readings was +0.02 volts which 
corresponds to an error of 0.04% of the reading. 
The thermocouples could be read within 0.001 
millivolts which corresponds to a temperature of 
0 
approximately 0.05 F. 
negligible. 
The error introduced here is 
The error in pressure control was negligible as 
maximum pressure deviation noted during boiling tests 
was +0.005 psia of the desired 14.7 psia. 
